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Applications of Item Response Models to NAEP
@ Mathematics Exercise Results

o | . _ i ‘ .
Ronald K. Hambletonm, Pri;zc'zlpal Investigator
University of Massachusetts, Amherst

o : - Abstract .

- = o
‘ In view of the technical advances and applications of item response
models around the country, it is reasonable to expect ECS to consider the
potentiallof item response models for use within its assessment programs.
Among the-areas to which the models could be applied are:

test building (item analysis, item bias, and item selecticn),

equating test forms, 1

measuring .achievement growth,

linking NAEP exercises to other national, state, and district
tests and test score norms. :

FOSTOON Sl

- But, the advanﬁages derived from the applications of item response modgls
Cannot be achieved if the fit between the item response model of interest
and NAEP exercises is less than adequate. Unfortunately, relatively little
work has been done on the problem of determining the goodness of  fit between
an item response mo<el and a test data set. Also, no one has looked at the
@ fit between any of the item response models and NAEP mathematics exercises,
The research study had two principal objectives: : y
s ;

v

-,

1. To organize and evaluate many of the available approaches for
addressing the fit between an item response*model and ‘a data set.

2. To fit the one- and three-parameter logistic models to several

" NAEP mathematics exercise booklets, and evaluate and compare

the resulfts. . . » :

Approaches for addressing goodness of fit wereﬁorganiéed into three
o ' categories: Checks on model assumptions, expected features, and additional
model predictions. Within the cavegories, several new methods were also
advanced and several older methods which were not in common use for deter-
mining item response model-data fit were described. Many of these methods
were then used to determine the fit of the one- and three-parameter models
to six NAEP mathematics booklets (three booklets for nine year olds and
® three booklets for thirteen year olds) in the 1977-78 assessment. There
were some inconsistent findings but it did appear that the three-parameter
model provided an excellent fit to the data sets whereas the one-parameter
model did not. Recommendations for conducting future goodness of fit in-
vestigations were offered in the final section of the report.
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: . . 1.0 Introduction. .
° ‘ i ‘_ Int . ,

1.1 Statéﬁent of Problems

Item response theory, or ‘latent trait theory as it has sometimes

." been called, is the most popular topic for research at the present time
: Fa- - ’

..~ among measurement specialistén Theée are ﬁumerous publishéd reseaxéh
UL ' I studies and conference preséntations, and plentiful‘and diverse applica-
tions of the theory“(for example, see Hambleton, Swéminathan, Cook,
Eignor, & G%fford,‘l978; Lora, 1980). At least six books on the topic

‘®

are in preparationj Applied Psychological Measurement will devote a special
L3 * . & .

issue to the topic in 1982; and the Educational Research Institute of

British Columbia will publish a special monograph in 1982 on promising

"

item response model applications.

x3

Presently, ité%iresponse theory (IRT) is used by nearly all-of the

"large test publishers, and many, state departments of education and
industrial and professional organizations to construct tests, to study

.
-

item bias, to equate tests, and to report test score information. The
many applications appear to be so successful that discussions of IRT have
&

©

shifted from consideration of their advantages and disadvantages compared

=

to classical test models to a consideration of topidé such as model
selection,.item and -ability parametér>estimation, and methods for deter-
mining goédness of fit. Nevertheless, it would be incorrect to convey
the impreésion that issuéé and technology assqciated with item response
pheory are fully developéd and without controveréy. étill;'considerable

progress has been made since the seminal papers by pord (1952, 1953).

i
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goodness of fit between an IRM and a test data set of interest.

.
' 2
-
7

. In view of the technical advances and app%ications of item responsé
. {

2 . . . . v .
models (IRMs) it is reasonable to expect -that the Educatidnal Commission
” ¥

for the States (ECS) will consider in the near futuré the potential of

IRMs for use within its assessment programs. Among the areas to_which°

-
.

the models could be applied are: ' ®

%

1. in test bpildiﬁg%(item analysis, item bias, and item selection);

L

2. in equating test fd%ms}'

0

3. 1in reporting test scores;

4. in measuring achievement growth.(on various groups of &xaminees,

9.

or on particular test items);
5.  in assessing test score reliﬁﬁ?iityg
6. 1in linking‘NAEP egercises to othqf national, state, and district
test score norms.
It must be recognized however that any advantageé derived from the
applications of IRMs cannot be achieved if the fit between ;n IRM and a

¢

test data set of interest is less than adequate. Unfortunately, to date,

"relatively little research has addressed the problem of determining the

kY

What

work has been done involves statistical tests, but these tests cannot
N N N

©

be used as the sole determiner of model-data fit because .of their

.Y . .
dependence on examinée sample size. When sample sizes are large (ds

they will be with NAEP test data), nearly all departures between a ‘model
and a data set (even those where the practical significance of the
difference is minimal) will lead to rejection of the null hypothesis of

model-data fit. With small sample sizes even big differences may not

A -

be detected via statistical methods because of the low level of statistical

)
. .

i
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power'. 'ECS and o6thers interested in applying IRMs could benefit from .

a set of recommendations for addressing goodness-of-fit studjes.

Unfortunately, the extant literature has not been compiled or.organized,

nor, to our knowledge, has much of the literature been critically

0

evaluated.

Another problem is that the fit between any of the IRMs and NAEP

mathematics exercises has not been studied. Of special interest -in this study

.

are goodness—of—fit results pertaining to several of the more promising
o

applications of IRMs-with the NAEP exerciées. One of these applications

. “

involves creacing an item bank with released items and then "linking"

all of the items at a given age level to a common ability scale. Non-

NAEP items can also be calibrated and added to the bank. In theory,
statistical descriptors of items (item parameters) that are obtained from

item response model analyses do not depend- upon the choicé of examinee

o

groups uhgdri% estimating them, and expected ability estimates for.

- examinees do not depend upon the particular choice of items selected from

R
. - . ¢

' ' 5
the bank. Such a system would permit, for example, schools to measure
academic growth even though different test items are used at each test

administration. - Also, it would be possible to predict how well groups

.
a

of examinees would have done on selected NAEP mathematics exercises

.

(and comparisons can be made to thelreported NAEP item norms) from their

performance on other test items included in the item bank. Why would
.\ -

. :
anyone wish to administer a different set of test items from thoge items %

which were normed? Ome reason is that teachers may wish to administer

particular items to examinees because of their diagnostic value. A

3

- second reason is that with,6students who may be expected to do rather poorly

o

. .
e e o . e ! ~ 7
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whert items function differently for males and.females; blacks, hispanics,

»

or well on a test, better estimates of their abilities can be obtained

v

+when test items are selected to match their expected ability levels

)

(Hambleton, 1979). There are other uses of item banks as well (see, = -

for ‘example, Hambleton et al., 1978). Again; however, these desirable

outcomes will only be obtained if there is a more than adequate fit for an
- 3 ) f )

item response model to the NAEP mathematics exercise data. Of special

interest is the invariance of item parameter estimates. For example,

o
“

~

and whites; and students from computationally-oriented &id non-

° . .

computétionally—oriented math programs; IRM assumptions are violated
and desired outcomes are not achieved. It is important to determine to

what extent invariance of item parameters is obtained and over which sub-

’ . . . . . . .- >, ) .
populations of examinees because the findings from item invaridhce studies

have a direct bearing on the utility of IRMs in item banking. That is,

when item statistics, are not invariant, the usefulness of the item

statistics, nofms, etc., associated with an-item bank are iimited.

In summéry, it yould appear that'there are several'reasoﬁs for ECS
to éoqﬁider the utility of IRMs in their® test development; analysis, and
sc;re re§0rting work, However,psome preliminary work on appfoaches for
assessing goodness of fit must be ‘done first. With the approaches in hand,
a variety of goodness-of-fit studieé\can bé conducted on the NAEP mathe-
matics exercises. Finally, at this time’th; advantages and disadvantages
df the one- and” three-parameter logistic modéls in relation‘tq-the NAEP
exercises is unknown. Some work in the aréa would heip ECS select the

proper model,’ if they decide to use IRMs in one or more aspects of their

testing metHods and procedures.

Y
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1.2 Objectives ' ’ e o

The research study had two principal objectives:

«

‘1. To organize and evaluatie many of thé~available,approaches for
= addressing the fit between an item response model and a data
t . -
set. :
"2, To fit the one- and three-parameter logistic models to several

NAEP mathematics exercise booklgfs,«and evaluate and compare
. I Qj N
the results. - = - oo

2

Theupotential of item response theory for solving a‘variety'of NAEP &,
testing and measurement problems appears to be substantial. However, this
promise or potential is not guaranteed .by simply processing test results

. . “

through an available computer program to perform item response model-analys

“

Also, it cannot be assumed that because so manyvother-Qata sets have

been fit by item response models that the fit to NAEP exercise data is
- - . . [ . )

assured. The fact is that many of the applications-described in the

literature and‘especiaily thg large set of AERA, NCME, and NAEP ‘confer-

ence papers have failed. to adequately address the goodnéés~of-fit issue
. . : © .

and so pﬁe extent of model-data fit is unknown. Also, hecause of the

national impoftance—and- visibility of NAEP, it is essential to carefully

.. i

evaluate any proposed changes or additions to NAEP's approaches for
building exercises and réporting and using the test information. Pre-
sently, NAEP is very successful, highly visible;‘and'importanL. There- -

fore, there is no reason to take risks in test development and score
reporting. In this researdh project: ECS is provided with a framework

and methodse for addressing thexgoodnesS—of—fit question. And, the work

v «

in this area -should impact on other groups who are interested in addressing

Y

e o :

es., .

—

*
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model-data fit questions. Second, ECS is provided with information*

. a--. . ¢

. .
. . . w7

‘pertaining to the fit between several NAEP mathematics exercise booklets °
- : . ot % .

. ) . " a
e-parameter logistic. test models.

v

.

Lt
and the one- and thre
|

4 *

1.3 Item Response Models, Assumptions, Busic Concepts!

N . 3 '
For many years now the classical test model ha$ been useful to test
¥ ) . e : .

developers.and;test séore users. fhe modél;is based on.''weak assumptions”'
;and therefore thé model can bé applied to many testing problems (Lord &
Novick, L968): But,.iﬁ spite of the wide acceptahce of the clas%ﬁcal
‘test model}ﬁibghas several impértant limitétibns. ‘One 1imitation is’ that
fhe two most common ciassical descriﬁtors of test items, item‘difficulty.

y . : . ,
and‘item discrimination, vary as a function of thg‘%veragé ability and the
range of abif;ty found in ﬁhe par;icular sample of examinees for which
they are computed. The usefulness of.these,item statistics in building

L .
tests is limited therefore to groups similar to -those from which the

N . ;
examinee sample was drawn. Sample-dependent item statistjics are a serious

handicap for test developers.
- t
Another shortcoming is that examinee test scores depen@ upon. the
. . ' ’ °
particular selection of items included in a test: If distirnct samples of

test items are drawn from a pool of items all designed to measure the

o

B - T = —

>ééhe‘Rﬁdaiedgg_iﬁa'skills, and these item samples differ in difficulty,

the ‘test scores an examinee can expegt to earn on these samples will also

‘ ‘ 7 ¢ ’ - 4

differ. With item-dependent ability estimates, comparisons among examinees

are limited to situations where examinees have been administered identical

" (or "parallel") sets of test items.
®

\

0 M \ .
lThe material in this section of the report was edited from a paper
by Hambleton (1979). . '

.\)
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. are test models which can provide“tnformation about, the precision of test
“* Id

‘ T I4 "-f: * o .
A third shortcoming of the classical test model-is that it assumes
. N O’ .
that the errors of measurement are the same for -all examinees. 4t is not
' Vs ’ . . ’ - . N
uncommon to observe, however, ‘that some examinees perform tasks more .. L
consistently than‘others and 'that consistency varies ‘with ability. Needed . ' "

- v

%

: .

[ e 0 e, : -
» scores anﬁ'that are free. to-vary from one test score to another?

e . : ’ ‘ " e
Because of the shortcomings of the classical test.model, psycho-

PR

metricians have been investigating.and developing more appropriate test -

models. Considerable attention is being-directed currently toward the

o e *

4

. R - , . - i . 4
field of latent trait theory, sometimes referred to as item response theory

or item characteristic curve theory (Lord, 1980).

e

In a few words, item reéponse theory postulates that (1) underlying

- L3

°

o . . ! -
examinee performance on a test is a single ability or trait, and (2) the
B L . %
relationship.between examinee performance on each item and the ability
S & , B .
measured by the test can be described by a monotonically increasing curve.

4

The curve is called an item characteristic cprve’ and it provides the
probability of examinees at various ability levels answering an item
: : g . ,
correctly. In Figure 1.3.1 below, two item characteristic curves are °

shown. i _— S s
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"Figure 1.3.1. Two item characteristic. curves
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A

It is clear from the figure that the probab.lity of a correct'ansj%r
depends on the 1éyel of examinee ability. .Exéminees with more ability

' o . .. R |
have higher probabilities for giving correct answers to items than lower

ability examinees, Item characteristic curves are typically described by

- ’

_one-, two~y,”and three-parameter curve%& "The three item parameters:.are .
: J :

¢ ' ‘ . L
called item difficulty, item discrimination, and item pseuvi'o-chance level.,

Items which are shifted to the right end of the ability scale are more,
difficult than those shiftéd‘fo the left end of the ability scale. It is’
clear from Fiéuré 1.3.1 then .that item 2 is more Aifficuit than itgm l:

"

!

*The slope of an item characteristic curve describes an item's discriminat-

ing power. In Figure 1.3.1, thetefore,litem‘Z is more discrimirating

[

than item 1. Finally, the probability of a very low ability examinee
‘ 4 y

@

. answering an item correctly .is the item's pseudo-chance level. With

.
4

[vd
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_.« Co item 1 in the figure, the probability 1S(PO,A;,-W1th item 2 the p_’robabii’ity
Y ‘ ' . ! EaS ‘a’* )

is somewhat higher.

4

Most item response models, and all of the models which are presently

popular, require the assumption that the test items are homogeneous in

[ J - v -

~

the sense that they measure a single ability or trait.. In addition, it

. ” is common to assume that the item characteristic curves are described

‘ . i < iy
' . » by one-, two-, or three-parameters, and the corresponding models are
.« ‘referred to as one-, two-, and three parameter models, respectively. S

s _ ' :
< . With the three-parameter model, items can vary in their difficulty,

a
v

discrimination<level, and pseudo-chance level. 'With the two-parameter

T N

model, the pseudo-chance level parameter is O for all items.\\WiEh the

D ) . . ) ' ¢ -
one-parameter model, not only does ‘the pseudo-chance level paramerer have

.
& -

a value of 0 for all items, but all items have a common level of dis-

scrimination. . .

wherr the assumptions of item-response theory can be met in the -

. .
N .

+ data sets to which it is applied,. at least a reasénable degree, what

'iéfebtained art (1) examinee ability estimates in the pool of items from

wbiéﬁ_the icémé_are drawn that do not depend upon the particular sample

A of items selected for the test, (2) item descriptors or statistics (diffi-

o o cdlt?,,discrimination, pseudo-chance level) that do not.depend upon the

particular sample of examinees from the pdpulation of examinees for whom

.

the earlier mentioned item poel is suitable, and (3) a statistic is pro-

v1ded indlcatlng the precision with which each examinee's ab111ty is es-
v 4 - 2 . .
timated. Of course; the extent to whlch the three advantages are gained
£ K . . - -
-r o
P _ in an appllcatlon of an 1Qem xesponse model depends upon.the closeness rd v
) - “ @ ’ ] ‘s " CN .
S of-the "fit'" between a set of data and .the model. If the fit is poor,” - P
- 4 . -
. » ~ i r}
@ © ‘ ‘ . o ’ -
.EMC IR . o . ) \
: vf - Y o : le |

2
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the three desiréble features either will not be obtained or obtained in
a low degree (Lord, 1980).

Item response models are based on a sset of éssumptibns ébout the test
data. Two of thése assumptions will be discussed here: D%pensionality,
and the mathématical forﬁ chosen for the igem chaghcteristig curves.

With respect to dimensipnality, it is common to éssume that4only one
abiliﬁ& is necessary to "explain,'" or "account" for examinee test'pef-
formance. Item response models in which a single latent ability ié pre-

sumed sufficient to explain or account for examinee performance are

referred to as unidimensional models. The assumption thét a set of test
items is unidimensional is commonly made because scores on tests that
measure only one trait are relatively éasy to interpret. There exists
no well accepted method for studying the unidimensionality of a set of
ﬁest items. Factor analysié is the most common of ;he psychometric ap-
proaches used to address the dimensionalityAQuestion (Hambleton et.al.,
. . .

1978).

An item charécteristic curvé (ICC) is a mathematical f;nction that
relates examinee.probability of success on an item to the ability measured

i

by the set of items contained in the test. Pi(e) designates the prob-

ability of a correct response to item i by an examinee with ability level 6.

The main diffefgnce to be found among currently popular latent trait models
a A .

is in the mathematical form of the ICCs.
Birnbaum (1968) proposed ICCs which take the form of two-parameter

logistic functions: ) N

eDai(G—bi)
+eDai(6-bi)

Pi(e) = (i=1, 2, ..., n). (1.3.1]

1
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In equation [1.3.1], Pi(e) is the probability that an examinee with ability ©

‘answers item i correctly, and b; and aj,are parameters of item i. The

-

parameter,‘bi, is referred to as item difficulty. 1t is the point on the

. ability scale such that examinees who possess that amount of ability have

a 50% chance of answering an item correctly. The parameter, a;, called

item discrimination;tig propertional to the slope of PiCO) at the point

0 = b;j. The constant D is' a scaling factor set equal to 1.7.

A three-parameter model can be constructed from the two-parameter

model by adding a third parameter, denoted cij- The form of fhe three-

parameter logistic curye is

eDai(e-bi;
Dai(e-bl) ’

P.(8) = ¢ + (l-c;) (i=1, 2, ..., n). [1.3.2]

1+e

The parameter c,; is the lower asymptote of the ICC and gives the probability

[

of low ability examineesvcorrectly ansﬁ}rimg the item.
" The one-parameter model (sometimes called the "Rasch méhel”) is a

speéial case of the three-parameter fdgistic model iﬁ which guessing

behavior is miﬁimal (cy=0), all items are assumed td.haée equal'discrimin-

ating power, and items vary only in terms of difficulty. Therefore, » ) !

TR .
Pi(0) = ——— . ° {1.3.3]

l-i-ee-bi

" ‘The scale on- which ability estimates are located is arbitrary. The |,

)J

scale is chosen so that ICCs ef the form specified‘by the model under
investigation fit as closely as possible to the available test data. An :
-assumption is made that ‘the correct metric is the one which maximizes

B

predictions between unobservable characteristics (ability and item

parameters) and observable data (examinee item responses)ﬂ Since both “a
A ‘
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o

.dtem difficulty indices and ability estimates are measured on a common

>

scale, it is usual to set the mean and standard deviation of on; of the
two variables to 0 and 1, respectively. In fact, any linear transform-
ation of %bility‘scale.units is permissible and predictions from the‘model
will not be influenced so lqng as the item discrimination parameters are
revised accordingly. This means, for example, that if an agency wanted
écores from an inétrumept on a scale wit% mean ability = 100 and standard

deviation = 10, then, ability scores and item difficulties must be trans-

formed using the linear equations . .

o

87 = 10 6, + 100
b* =
1

10 by + 100

and che values of a; must be transformed by the equation

2

I1f this were not the case, the predictions for the model would be in-

fluenced by a change in the ability scale (Hambleéon,l980).
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2.0 Goodness of Fit Approaches!

2.1 Overview

Item response models offer a number of advantages for test score
< ‘
interpretations and reporting of NAEP results but the advantages will

only be obtained in practice when there is a close match between the

model selected for use and the test data.

a

From a review of the relevant literature it appears thét the deter-
N b |

O

$:RIC

Aruitoxt provided by Eic:

mitation of"hOW“weii“anodel~account3~for~a~sé%»eﬂwEeSEwdé£é«eanﬁbe
. !
addressed in at least three ways:
|

a. Determine if the test data satisfy the assumptions of the

[

test model of interest.
v P | ‘
. . |
b. Determine if the expected advantages derived from the use of

the item response model (for example, invariant item and

ability estimates) are obtained.

Determine the closeness of the fit between predictions and®

el

observable outcomes (for e#amplg, test score distfiﬁutions)
utilizing model pafameter estimates and the test d%ta.

“Strictly speaking,tésts of model assgmﬁtions are not tests éf éoodness of
fit but.because of their centrol ‘role in model selecti;n and use in the
intefﬁretation of goodness of fit tests we have included them first in
a series’of‘desifable goodness of fit investigations.

lPromising practical approaches for addresging each cat%gory above
will be addressed in Spbsequeﬁt sections.‘.First,‘however, ﬁhe inappro-

priateness of plating substantial emphasis on results from statistical

tests-will be explained.

1Small sections of this chapter are from Hambleton et al (1978) and
Hambleton (1980). ; . : . .
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2.2 Statistiqal Tests of Significance ,‘ “. ’
Statisticél tesqé of goodness of fit of various item response models
hqve been glven by mnnyAnuthérs (Anderseﬁ, 1973; Bock, 1972; Mecad, 1976; )
Wright, 'Mead, & Draba, 1976; Wright & Panchapakesan,"l969; Wright & Stone,
1979). The procedure advocated by Wright andJPanchapakesan (1969) for!
testing thegfit of the one-parameter'ﬁodel is.oné of the most commonly
used. It essentially“involveé examining tﬂe quantiFy fij where fij repre-
‘sents the'frequencx of qxaminees"apyphe i?hfé?ilityvvevel answer?ngvgbﬁ‘rl N o
-jth itemvcorrectly. Then, :the quantity yij’ where \
vy = (8- B(E )/ (Var £ Vs R °
is distributed pormally with zero mean and unit variancef Since fij has.
a binomial distribution.with parameter pij’ the prqbability of a correct
response is given by 6;/(6? + b;) for the oné—ﬁarameter modél, and ;i’
the number of examinees in the score group. Hence, E(fij) = ripij, and
Var.(fij) = ripij(l-pij); Thus. a measure of the goodness of fit, x2, of
the ﬁodel can be defined as .
n-1 n . ) )
=1 n R -
] ij o : E o
The quantity, x2, defined -above haz been assumed by Wright and his
colleagues to have a x2 distribution with degrees of frgedom (n-1) (n-2)
siﬁve the totai number of observations in the-ﬁatrix F={fij} is n(n-1), ‘_
and the number of parameters estimatgd is 2(n-1). wfight and :
Panchapakesan (1969) also defined a goodness~of-fit measure éori
iwdividual items as | oo ’ )
LEN 'n—l e
X; = .1 Yij \ /
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L

‘where ¥§ is assumed to be distributed as x2 with degrees of freedom, (n?2).

k]

\ : ~ '
This me'thod for determining the goodness of fit can also be extended_to
; ‘ _
thextwo—ﬁand three-parameter item response models although it has not been

S A
S 4 .
3 : . . e

extended to date.

L
\

1

There\are .several problems associatedUWith the chi—square tests of
fit dlsCUSSEd above. “The x2 test has dubiéus va11d1ty when any one of
\
A o
the E(f, j)”terms, i= l, 2, i, n - l' i=1, 2, ..., n, have vaiues less

than one. This follows from the fact that when any of the L(f ).terms\
~\ o . - . . \

are less than one, the deviates yiJ 1-1,2, ..., n=-1; =1, 2, ...,

n,'are—net¢normaily distributed and a 2 distribution is obtained only by-

\
y

summing the squares of normal deviates. Another problem encountered in

-using the x2 test'is that it is sensitive to éample size. If enough

5 Y
observatlons are taken, the null hypotheals that the model fits the data

o

will always be rejected using t 'x2 test.“ Dlvgl (1981) and Wollenberg
\
\\

(1980, 1982a, 1982b) have also demdystrated that the Wright-Panchapakesan

goodness-of-fit statistic'is not distributed as a x? variable and the

v “
-associated degrees of freedom have been assumed to be higher than they

easons for not relying on.

actually are. Clearly thef% are substantial-

the Wright—Panchapakesan'staﬁgstic because df t

in its interpretation and because of questions concdrning the appropriate
L} ) . .

role sample’size plays

sampling distribution and degrees of freedom,.

Alternately, Wright, Mead,‘and Draba (1976) and Mead (1976) have

suggested a method of test of fit for the one-parameter model whicb in-

©

“volves conducting an analysis of variance on the variation remaining in

data after remoﬁing tﬁe effect of the fitted.quel.a‘This procedure



-16-

. . factor contributing to tl.e misfit. This procedure for testing goodness
of fit of the one parameter model involves computing residuals in the
. . i

-data after removing the effect of the fitted model’. These residuals are

plotted againSt'(ei-bg).« According to the model, the plot should be

.represented by a horizontal line through the origin. For gﬁeééing, the T

"residuals follow the horizontal line until the guessing becomes important. -

When this happens the residuals are positive since persons are doing better

T : than expected and in that region. have a negative trend. If practice or i

“

speed 1s involvéd; the itémS“which*areﬁaffectedwdisp&ayiﬂegaeive—residualsﬂgwmwmm“@;aag

fay

\\\\\\\\ with a negative trend line over the entire range of ability. Bias for ‘a
® - .

\‘\\\Earticular group may be detectéd by plotting the residuals separately for
T . o . o

e

;3 the tﬁS\gngPs. It is generally found that the residuals have a negative -

trend for'the unfasafed\gggpp and a positive trend for the favored group.

® - —— : ‘ ,
. When maximum likelihood estimEEEE\ofuxhg\Earameters are obtained,

TTe—

—

likelihood ratio tests can be obtained for hypotheses 8?\ihte£e§g%(Waller,

o Te—

1981). Likelihood ratio tests involve evaluating the ratio, X, of the T

e N

maximum values of the likelihood function -under the hypothesis of interest
" to the maximum value of the likelihood funEtion undermthe‘élternate

o hypothesis.' If. the number of observations is large; -2 log.A is known .
o : i 2 ' ' A
~ - to have a chi-square distribution with degrees of freedom given by the

S IS

difference in the nurber of parameters estimated under the alternate

3

and null hypotheses. An advénpageAPOSSeésed by like}ihood ratio tests

N ’ ' - bl
over the other tests discussed earlier is apparent. Employing the like-

. [ . . s
lihood ratio eriterion, it is possible to assess the fit of a particular

: ! . . }
¢ . - . - i[\
‘ latent trait model apgainst an alternative. : :
. ' T . . LR ’ . '

. |
‘ - ) ’ . ¢ ~
' - . ' <Y

\ 28 . .
5 . . N . v
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Andergﬁn (1973) and Bock and Liebefﬁann‘(1970) have obtainéd

likelihogd ratio tests for assessing the fit of the Rasél model and

the two-parameter normal ogive model respectively. Andefsén (1973)

obtains a conditional likelihood ratio test for the Raéch.model based

on the within score group estimates  and the overall estimates of item

difficulties. He shows further that -2 times the logarithm of this

ratio is distributed as x2 ¢¥ith degrees of freedom, (n-1) (n-2).

Based on the work of Bock and Liebermann (1970), likelihdod ratio

———"~"-tests can be cobtained for Cesting.the‘fit=of the two—parametér normal

ogivéA&odeig -1£Néhdu1d be pdintea out fhaf these authors have -
: P

obtainedboth conditional and unconditional_estimates of the para-
meters. For‘the 1ikelihopd ratio test, it would be more appropriate
if the unconditiénal model is.used since with this model ability
parameters are not estimatéd, and hence. the likelihood ratio criterian

can be expected to have the chi-square distribution. This procedure

can be extended to cbmpare the fits of one model against another

_(Andersen, 1973). .

The major-problem with this approach is that the test criteria
are distributed as chi-square only asymptoticallﬁ. But, as was

mentioned earlier, when large samples are used to accommodate this fact,
the chi-square value may become significant owing to the large sample

N o
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2.3 Checking Model»Assumptions

Item: response modeis'are based onistrong_aésumptiéns whiph»will not
:4be completely met by any set of ;ést data (Lord &ANovick; 1968). There
is eyidence,that the models are‘gébust to some departures but the
- extent of robustneés of tﬂé'modelsnhas ngt been firmly established
(Hambleton et al., 1978). Given doubtslof the rébustness of the models,:

one might be tempted to éimply fit the most general model since it will -

be based on the least restrictive assumptions. Unfortunately, the more

2 .

general models are multi-dimensional (i.e., assume that more than one
V. e latent variable is required to account for examinee test performance),

.and they are complex and do not-appear ready for wide-scale use. Alter-

- o -

nately,)it has been suggestéd that thé three-parameter logistic model, the
most geﬁeral'of the-uhidiﬁensibnal models ‘in common use, be adopted. 1In
theory;°thé three~parameter model should result in,bettef fits than
,eifﬁgr the one- or twolﬁafameter ﬁodels. But, there aré th}ee problems

with this course of action: (1) more computer-time is required to ¢on-

v

duct the analyses, (2) somewhat larger samples of examinees and. items

'are'required-to obtain satisfactory item and ability estimates, and
)

(32 the additional item parameters (item discrimination and pseudo-chance
levels) complicgte the use of the model for practitioners. of goursé,
°in spite of theJEroblems, and with important testing programs. such as

¢ . . .
NAEP and a-highly trained staff, the three-parameter model may still be

.
preferred. . _ i
; - ‘ : .8 o
*» Model selection can be aided by an investigation of four principal

assumptions af several of the item response models: unidimensionality,

.

equal discrimination-indices, minimal guessing, and non-Speeded test

.

v administrations. -Promising approaching:for studying these assumptions

are summarized in Figure 2.3.1 and will be briefly considered naxt.




i . _ -19-

-
-

Figure 2.3.1 Approaches‘for Conductlng Goodness of- FIt~{nvest1gatrW‘§ .
, : ‘ : )

Checklng Model Assumptions

——

JUnidimensionality (Applles to Nearly All,Item Response Models)
) Kuder Richardson Formula 20 (Common Approach But Not Acceptable -
Statistic is Influenced By Pest Score Variability and Test Length). .

e Plot of Eigenvalues (From Largest to Smallest) of the Inter-Item
Correlation Matrix - Look for a Dominant First Factor, and a High
Ratio of the First to,the Second Eigenvalue (Reckase, 1979). )

° Comparisbn'of Two Plots of -Eigenvalues s~ the One Described Above

and uﬂe—ﬁf*Efgenvaiﬁ§§=fbr“an“inter-rtem CéTreTation~Matrix-of
Random Data (Same Sample Size, and Number of Variables, Random Data
Normally Dlstrlbuted) (Horn,- Psychometrlka, 1965).

- o Plot of ‘Content- Based Versus Total Test Based Ttem Parameter Estlmates

. (Bejar, JEM, 1980).

® Analysis of Residuals After Fitting a One Factor Model to the
Inter-Item Covariance Matrix (McDonald, BJMSP, 1980).

.
-

. * Equal Dlscrlmlnatlon Indlces (Applies to the One-Parameter(}oglstlc

® AnaJVQiq of Variability of Item-Tebt Score Correlatlonq (For Example,
Point-Biserial and Biserial Correlatlons)

o Identification of Percent of Item-Test Score Correlations Falllng
Outside Some Acceptable Range (For Example, the Average Item-Test
Score Correlatlon * 15) o .

°
| 1.
® ;
o
o
® : Model)
- 13.

Minimal Gue551ng (Applies to the One-' and Two-Parameter Loglstlc Mcdel)

e Investigation of Item-Test. Score Plots (Baker, JEM 1964 1965)

. Con51derat10n of the Performance of Low-Ability-Examinees’ (Selected,
‘with the Use of Test Results, %r Instructor. Judgments) on the Most
Difficult Test Items.

e Consideration of Item Format and Test Tiﬁe Limits (For Example,
.. Consider the Number of Item Distractors, and Whether or Not the Test
Was Speeded) , T

\
s e

" Non-s peeded (Power) Test Adm1nlstrat10n (Applles to Nearly All Item
Response Models). _ ‘ ¢

e Comparisen of. Varlance of the Number of Item% Unattempted to the
Variance of the Number of Items Answered Wrongly (Gulliksen, 1950)

‘e Inveqtlratron of the Relat10m§h1p Between Scores on a TeSE With the

Specified Time' L1m1t and With an Unlimited Time Limit (Cronbach and
Warrington, 1951)

ny

€3 :
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Figure 2.3.1 {(continued) - ——__

Checklng Expected Model Features ®

. j e e i
e Investipation of (A) Percent of Examinees Completing the Test, (B)
Percent of Examinees Completing 75% of the Test, and (C) Numbey of
Items Completed by 80% of the Examinees §ETS Method, See Donlon, 1978).

)
A

ar

1.

e Comparlson of Item Parameter Estimates Obtained in Two or More-

Invariance: of Item Parameter Estimates (Applies to All Models)

Sub-groups of the P pulation for Whom the Test is Intended (For
Examplé, Males and Females; Blacks, Whites, and Hispanics;
~Instructional Groups; High and Low Perfcrmers on the Test or Other
Criterion Measures—Geographic Regions). Normally Comparisons Are
Made.of_ the Item Difficulty Estimates cand® Presented.in Craphical

2.

Form (Scattergrams). Random Splits of the Pbpulaﬁlon Into Sub-groups
*«The Same Size Provide a Basis for Obtaining Plots Which Can Serve

as a Baseline for Interpretlng the Plots of Principal Interest.

Graphical Displays of Distributions of Standardized Differences in Item

Parameter Estimates Can Be Studied. Distributions Ought to Have a

Mean of.’Zero and a Standard Deviation of One (For Example, Wright,

1968; Lord, 1980; Hambleton and %waminathan,,l982).

Invariance of Ability Parameter Estimates (Applies to All Models)

e Comparison of Ability Estimates Obtained in Two or More” Item Samples
From the Item Pool of Interest. Chodse Item Samples Which Have
Special Slgnlficance Such As Relatlvely Hard Versus Relatively Easy
Samples, and Subsets Reflectlng Different Content Categories Within
the Total Item Pool. Again, Graphical Displays and Investigation
of the Distribution of Ability Differences Are Revealing. ’

e ©

Checking Model fredictions of Actual (aﬁd S;mulated) Test Results

P

e Investigation of Residuals and Standardized Residuals of Model-Test Data
Fits at the Item and Person Levels. ” Various Statistics are Available
to Summarize the Fit Information. Graphical Displays of Data Can Be
Revealing. '

° Cemparison‘of Item Characteristic Curves Estimated in Substantially
Different Ways (For Example, Lord, Pszehometrika 1970).

e Plot of Test Scores and Ability Estimates (Lorxd, Psychometrlka 1974)

e Plots of True and Estimated Item and Ability Parameters (For Example,
‘Swuminathan, 1981; Hambleton and Cook, 1982).  These Stucles Are '
Carried Out With Computer Slmulatlon Methods. :

] Comparison of Observed and Predicted Score Distrlbutlons. Various
- Statistics (Chi-Square, For Example) and Graphical Methods Can Be

Used to Report Results. Cross-Validation Procedures Should Be Used,
Especially Tf Sample Sizes Are Small (Hambleton and Traub, BJMSP 1973).

e [nvestigation of Hypotheses Concerning Practlce Effects, Test Speeded-
ness, Cheating, Boredom, Item Format Effects, Item Order, etc.
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Unidimensionality

- . i
. " |

P .
h N “

The assumption of a unidimensional latent space is a commgn one for

test constructors, since they usually desire td construct u‘riidimensional

i ﬁ

tests so as to enhance the Lnterpretablllty of/a set QI test scores

“ v

[mc
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(Luquen, 1976) " What does it mean to say that a test is unidiménsional?
' Suppose :; test consisting of n items is intended for use in r suﬂpopula-—
. tions of examinees (e.g., several'etfmic -groups). Consider next, th‘e-
conditional dlstrlbutlons of test scores at a particular ablllty level
for the r subpopulations. These condlthnal distributions for the »
° subpopulations w1ll be identical if ‘the t:est: 1S.un1d1men510nal ;v If
’ the conditional distributions vary across t:he r subpopulatlono, it
can only be bﬂeé‘au‘s“e the \tes't; is measuring something other than the
° single ability. Hen‘c'e,k, the test cannot be uxli&:imensional. |
It is possible f_?r a test to be unidimehsional x-;ith'in one\‘p.opula-—
t:ion‘of examinees‘and not unidimensional in another. Consider a ‘t:e'st:
.. . , . .
® with a heavy cult:urai loading. This test "c_:ould apvpear to be unidimensional
ftor all populations wit:hb Ehe same cultural background. ’ Howe-vver, when
administefed to population$ w1t:h varied cultural backgrounds, ,‘it.may in~
‘; \ fact have more than a single‘dimension underlying the test score.
| - - ' ~ | )
. Examples of this situation are seen when the factor structure of a
particular. set of test items varies f'rom oﬁg cultural group to another.
k_. Lumsden (1961) provided an excellent revic'w of methods for con-

*
structing unidimensional' tests. He concluded tgh'a't. the method ofafactér'
analysis held the most@promise. . Fift;eén years later he reaffirmed his

. conviction (1..ums;io.n, 1976). Essentlally, Lum sden” recommends that a
'y ° . .

o

4
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o . e test constructor generate an initial pool of test items selected on the

o

basis of empirical ‘evidence and a prilori grounds. Such an item sélection' *
. procedure will increase the likelihopd that ~a -unidimensional set of 7
o e o .

test items within the. pool of items can be found. If test items are not:

R . ot b .
preselected, the pool may be too heterogéneous for the unidimensional o

\ . ) w .
© s . ;
-set of items in the item pool to cmerge. In Lumsden's method, a factor - o
& . [ ’ a . * . ¢ A
@ o, I . . . , o d{; | L
£ analysis is performed and items not measuring the d llnant'factor ob- | N
’ . v . . ' ) N 2
-~e-w~w»m~~Eained~in~thewfaetorwsoluéionwarewremoyedﬁ*wThe;Tcmaining*ifém D 4
L . N ‘ E . o o o S ‘ |
. factor analyzed, and again, "deviant" items are removed. The process is :
) , N o ' ' o ) . '@P ‘
: o repeated until a satisfactory selution,is obtained. Cquergence i's most ¢
‘[V . .
¢ @ : . * ’
. o, . " . « - Y . '
likely when the initial item! pool is carefully selected to include only
' - items that appear-to be measuring a common tyajit. Lumsden proposed that ’ T}
‘® . F - ) ) T . -
' ' .the ratio of first factor variance to second factor variance.be used .
as\an "index of unidimensionality.” L .
. . e ‘,‘n
v ‘ Factor analysis can also be used to check the. ro°sonablcness of : ) _
o : - Cog - o o
the assumptlon of unlg}men51ona11ty with a seﬁ oﬁ tcsr items (Hamb]eton T L
. ‘ ) . .
¢ &'Traub, 1973). However, the approachﬁds‘not.withoqt problems. ‘ﬁpr
K , example, much has been written about the merits of using tetrachog%c . T
L ] ) " a | ) . b
correlations or phi correlations (McDonald & Ahlawat, 1974). The common’ .
- i . . ] : . -
- ' belief is tHat using phi correlations will lead to-a factor sdlutioq v' .
N L4 ’ .
® ‘ with too many factors, some of them "difficulty factors" found because .
) of the range of item difficulties among the items in the pool.' McDonald .
. f . ' :'}\,
. and Ahlawat (1974) concluded that "difflculty factors" are unlikely’ gf g}’ o .
. e & . »
- .
o : the range of item clLfficulLlos is not extreme and th(_ items are not too. Y.
o

- . . ~
) .

highly disuriminatinqa
ISR . &

I - T S
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Tetrachoric correlations have one attxactive

o

-y

PR a

~

2

feature. A sufficient

‘ a . : ’ :
condition for the unidimensionality of a set of items is that the matrix’

~of tetrachorid

NG

HE ]

[

& Novick, 1968). On the qega?ive s

&

A

1tom'inrvrcorre¥ations has only one common fdctor (L

ord

ide, the condition is not necessary.

Tetrachoric correlations are awkward to calculate (the formula is complex

and requires some numerical integration), and,.in addition, do not

.

neCessarily yield a correlation matrix that is positive definite,-a

Kuder-Richardson Formula 20 has on occasion'been recommenged and/or

°

problem when factor anglysfs

[}

»

is attempted.

w

X

©

uséd to address the dimensionality of a set of test items, But Greeﬂ% Lissitz,

4

T

- and Mulaik (1977) have‘noted that the value of KR-2

0 depends on test length and

group heterogeneity and therefore the statistic provides misleading information

A somewhat more promising method involves considering the plots of
eigenvalues for test item intercorrelation. matrices and looking for the

"bFe?kS"in the plot§ to determine the number

factors.

plot of interest be compared to a plot'of'eigenvaluéé obtaining from an

;aboutsunidimensionality.

T
I3

=

©

v

w

E

-

-

To assist in locating a ‘'break" Hprn (1

<

o

.

.

965) §dggestedﬁthat the

/

item intercorrelation matrix of the same size and wher

correlations are obtained by, generating random variables

distributions. The same number of examinees as used:in the correlation

matrix of interest is simulated.

*
1

i

i

[
S

e inter-item

ot

v

<

from normal

»

V.

7; "significant" underTying

Another promising -approach, in part becayse it is not based on the

dnalysis of correlation coefficients,ﬁwas suggested by Bejar (1980):

1.

Split test items on an.aprioyi.basié (i.e., content considerations).
For example, isolate a subset of test items which appear to be

tapping a different ability from the remaining test items..

For items in the subset, obtain item parameter estimates twice:

-]

once by including the ¥est items in item calibration for the
total test and a second time by calibrating only the items in

the subset.

e

£
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3.. Compare the two sets of item parameter estimates by preparing
» ~d.plot (see Figure 2.3. 2).

h : : ~ N © ’_;,:;
i . Unless thé item parameter estimates (apart from sampling error)-are equal,

a

the probability for passing items for ﬁixed ability levels will differ.
‘ This is not écceptable because it impiies that performance on items A

'depends‘on which items are included in the test which contradicts the

unidimensionality assumption. 4 ! .

’

Finally, McDonald (1980a, 1980b) and Hattie (1981) have suggested

the use of non-linear- factor analysis and the analysis of residuals as

3

,? promi%ing approach. The approach seens promising because test items
are'relaéLd to one apother in a non-linear way anyway: and the analysis
9 ) of residuals, after fitting a one-factor solution seems subsrantially more
revealing and~insightful than COndUCtiné significance tezts on the ‘amount

of variance accounted for. >

\
\

[ . R Equal Discrimination Indices , . o

This assumption is\made with the one—paraneter model. 'There appear

to be only descriptive methbds available for investigating departures

o " from. this model assumption. A rough check of its viability is accomp-
Y

: lished by comparing the similarity of 1tem point- b1ser1al or: b1ser1al

a M

correlations.f The range (or the standard dev1ation) of the d1scr1m1nabion
PN L} ‘ . 1
o _ . inWdices should .be s'm‘all if the as‘sumption is to be 'viable. .Wri’ght and

his colleagues have, on occasion, looked at the residuals remaining

after fitting a one-parameter model and attempted to study variation

® in item discrimination indices but they have written ‘litt,le on their

’

methods.

: . . . o
s a
' - : 8 f
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Figure 2.3.2 Plot of content-based and total-test based- item
parameter estimates. ’
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Guessing

There appearé‘to be no direct way to determine if examinees guess the

@

answers to items in a test. Two methods have been considered (1) non-linear

item-test score regression lines, and (2) the performance of low test score

Y]

examinees on the hardest test items. With respect to the first method, for

‘each test item, the proportion of correct answers for each test-score groﬁp

©

(small test score groups can be combined to improve the accuracy of results)
are plotted. Guessing 1is ‘assumed to be operating when test performance for
the low performing 'score groups exceéeds zero. For method two, the performance'

of the low-scoring examinees on the hardest test questions if of central concern.

Neither method however is without faults. The results will be misleading if the

test items are relatively easy for the lbw ability gfoup, and/or if thevlow
ability group is 6nly relatively low in ability in relation to other examinees

%p the ﬁoﬁulation of examinees for whom the test is intended butAnow low ability.
in‘any absolute sense (i.e., very low scorers on the test).

Speededness .of the Test

\

Lf@tle attention is given to this se€ldom stated assumption of many item

i

-

1'es onsefmpdels. ,When.it operates it introduces an additional factor in-
i1lu nciné_test performance. It één be identified by a factor amalytic study.

ailure of examineeswto‘comple%e a‘teét can be handled so that the speed-

B
v

r2dne s factor does not_"coﬁtaminate"iability score estimates. The appropriate-

‘ . . il

nesg'of the assumption'in-relatiqn to a set of test results can-be‘checked by

they 'fail to complete. The 1deél situation occurs when examinees have

ient ﬁime to attempt‘each question in a test.
! .

\
onlon kl978) provided an extensive review of methods for determining

~

eededness of tests. Three of the most promising are cited in
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. Figure 2. 3, l Perhaps discussion of only one here will suffice. It involves
o obtalning an estimate of the correlation between scores obtalned under

&

power and speed conditions and correcting the correlation for attenuation

l

due to -the unreliability associated with the’ pOWer and speed scores:

. | .
' . o 3 “. ) '\*=',;,
® . , - | . * | ' o

p (Xp s XS) . .

| o p(Tb,TS), = P i .
| . /oK X8 Vo (Rg X) . -

[ ' The speededness index proposed by Cronbach and J«Iarriﬁggon (1951) 1is

Speededness Index = l“— pZ(Ts,Tp)d

i
|
|
|
i
|
|
i
1

° ' The index is obtained in practice by administered parallel—f‘orms of the
: ‘ o : :
test of interest under speed and power conditions to the same group of examinees.

T

|
1 ,
, . @ | : .
o : 2.4 Checking Model Features . 1 T
When item response models f1t test data sets, threeuadventages are

N i -~

obtained: -~ :
A
o : 1. Examinee ability estimates are.obtained on the same ability.
: scale and can be compared even though examinees may  have
taken different sets of test items from the pool of [test
items measuring the ability of .interest.

2. Jtem statistics are obtained which do not depend‘oﬁfthe ' ) _ .
[ sample of examinees used in t:he .calibration of test items.

3.. “‘An 1nd1cation of the prec151on of ab111ty estimates .at each

. point on the ab111t:y scale is obtained. , ° )
‘4 . , . . - ‘ v
. + It-is to obtain the advantages that item :reé-ponse models are [ofter chosen :
' .as the mode of ”analysis;. However, .whether or not these features are: X e
R ; obtained in any appllcatlon depends on many factors — model-dat:a fit:,
- test length, prec151on of .the- 1tem parametervestimates, and so on.

® | .

Through some fairly straightforward methods, these features dan be studied -

and their presence in a given situaticn determined. )

? . //

YRIC -

i .
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The first one can be addreésed,forexample,byadministeringexaminegstwo or
more samples of test items which vary widely in difficulty (Wriglgg, 1968).

In some instances, items can be administeregjiﬁ a single test and two

-

scores for each examinee obtained: the scores are based on the easier

' and harder ‘halves of the test. To determine if there is substantial

>

difference in test dffficulty, the distributions of scores on the two
’ . = . . B %

- halves of the test can be compared. Pairs of ability estimates obtained

i . ‘ . ’ . . ’
; from the two halves of the test for .each examinee are plotted on a graph.

-
£ o8 5

The bivariate Pplot of ability estimates should-be linear because expected
ability scores for examinées do not depend upon the choice of test items

' Some scatter of points about a best fitting line, however, is to be ex-
pected because of measurement error,s When a linear relationship is not ,
obtained, one or more of the underlyiﬁéﬂassumptioqs df’the-item”résponse

-

model ﬁndertiavestigation are being violated by the test data set. Fagtors
such.gs test characteristicé, test lengths, precision of item statistics,
» and so oﬂ can also be.studied to determine théir infiuence.
The second feature is s;ﬁdied in essentially the same way as the

first. The difference is that extreme abiiity groubs‘are formed and item

parameter'estimates in the two samples are compared. Wright (1968) and

Lord (1980) have carried out extensive studies in this area. Againy if

" the test .data are fit by the item response model under investigatidn,
T n \ ‘ ' C ‘ "'\
RS o . there should be a linear relationship between ditem parameter estimates
. . . . ’ . ¥ N N .
N oo g ‘ S . : : v b SR .
2 . from the' two examinee samples, even if the samples differ .in ability,

“

race, or sex (Lofd & Novick, 1968). The cbmparison,is carfied out for:

each item parameter in the model of interest. With respect to NAEP

exercises it seems especially important to compare item parameter ‘estimates
- & R

®:RriC. o : S 32
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derived from (say) black and white examinee groups. This check would be~
a.stiff one but a linear relationship ﬁusﬁ sgill be obtained or it must.

. be said that the item response model does not fit the test.data for one

-

or two of the groups. ,
Perhaps the mnost serious weakness of the approaches described above

(and these-are the only ones found in the literature) is that there ié no
: R . L ) - : .
B baseline data available for interpreting the plots. How is one to _know

whether the amount of scatter is appropriate, assumihg model-data fit?
: :
Alternately, statistical tests are performed to study the differences

". . between (say) b values obtained in two samples. But; as long as,there
" is at least. a small difference in the true parameter values in the

samples, statistically_significant'differences will be obtained when
N ' - ’ ' i
sample sizes are large: Thus, statistically significant differences may

be observed even when the practical differences are very small. i
r"I‘he third féatqre is a harder one to addresé. Perhaps it is best
answered via simulation methods. Accordingzto the theory; if a cést is
"long enough," the conditional disgribﬁti6;~offaBIIity estimates at
. :

each ability level is normal (mean = ability; sd = l/vinformation). It

“ appears that a test must include about 20 items (Samejima, 1977).

oy

2.5. Checking Additional Model Predictions

model predictions

e . o . o C o . ; , - .
" . in Figure 2.3:lﬁ. One of the most promising approaches for addressing

Several approaches for checking were introduced

3
'

. . A . N v
' C w . ‘ : o

model-data f;t‘iﬂvplvéé the uSe of residual analyses. An itemireéponéé'
modél is chosen; item and ability parameter estiﬁatééréféxébtéinéd; and

predictions ofs'the performance of various ability groups on the items on
1 ’ i 4. e s

the test are made, assuming the validity‘bf the chosen>model. Com-

e © parisons of the predicted results with the actual results are made.

T S ~M.m.w4i;ﬁjuff@..i.,’LT.JL;V‘:,_ "123:3L . v,..qi_:  L
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By comparing the avérage item performance levels of wvarious ability

groups to the performance”leVels predicted by an estimatéd item-characteristieé
curve, a measure of the fit between the estimétéd\item characteristic

éurve and the Qbséryed data can be obtained. ' This process, of co&rse,
can and is repeated for each item 1in awtestl In Figure 2.5.1, a plot

of the residuals (difference between the observed'déta and an estimated

-
~ .

item tharacteristic curve) across ability groups for four items are reported'

along with likely explanations for the results. The avefage item per-

formance of each ability group is represented by the symBol "x" in‘the

- figure. 1If, for gxample,:ZS of 75 examinees in the lowest ability group

answered ar- item correctly, an "x" would be placed at a height of .33 above

the dVerage ébility score in the ability ‘group where the'performance was

obtained. (The width of each ability group should be wide'énough to con-
taip a reasonable number of examinees.) With items "a",'”b”, and "¢" in

Figﬁre 2.5.1; there is substantial evidence of a misfit between the avail-

able test data-and the estimated item characteristic curves (Hambleton,

1980). It is surprising to note, given: their apparent usefulness, that

residuals have not received more attention from item response model re-

Lord (1970, 1974) has advanced several approaches for éddressing'model-
data fit. 1In 1970,‘Lord compared the shape of ICC curves estimated by
different methods. 1In one method he specified the curves to be three-

parametér logistic.  In‘the other.method no mathematical form of the ICCs
! . : . . , [ . RS, .
".‘ L R - SR . v, .o .'__ . . . . . .
was specified., Since, the two’methods’ gave:very similar results. (see .. .
ST o . ‘ ;o o AR

: ' i ™ \ l' N . S B '
Figure 2.5.2). he argued that it was reasonable to impose the mathematical
form of three-parameter logistic curves on his data. Presumabiy Lord's

AN

study can be replicated on other data sets as well aithough his second

o
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Figure 2.5.1. Analysis of residuals.

Possible Explanation:

(a) failure to account for "guessing", (b) failure to account for
(¢) biased item,+and (d) item fitted by the’

"{tem discrimination”,
particular model.
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Figure 2.5.2, Five -itém'charac_t_:eristic cu{ves estirr}ated by two *
different methods: (reproduced\from Lord, 1970).
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"i ; methbd requited=Very Iarée examinee samples. ,In a second study, Lord

N (1974)'wés,éble to assess, to some extefit, the suitabilit§ of ability

. -estimates by compafing~thém to raw scores}' Thg rélationship should be-

® ’ high but not pe;fect. - S ._. | . . ‘ 1

| Simulation studiesphave been found to be of considerable‘value in:

. ’ learning ﬁore abou£ itgﬁ ;esponse models;/;nd hbw theyipomparé fglaifferen;

o a;bliéatiqnsl(e.g., Hambieéonz l985a, l§§2b;qHamblEan & Cook, 1982; Ree,'l97§):

'déta with kﬁoﬁn pfoperties:and see .how well
<

the models recover the true parameters. Hambleton and Cook (1982) found,

It isApossiblé'to.simulate

o . for example, when concerned with cést:imat:ing ability scores for ra.nking',
déscription, or decigiﬁﬁé, that tﬁé one-, two-, and ﬁhree-parameter
.models provided highly comparééle results except for low ability examineesx
o . . Swaminathan (1981) conducted a study of Bayesian estini_at:o;’s

. . R - ,

and used a comparisen of ﬁrue7§nd eg;imatéd diffigultydvalues to evaluate
B 2 . ’ “
these pgécedures (see Figure 2.5.3). ' -
o N ‘ Several résearchers (for éxample, H’amb]:etonl& Traub, 1973; 'Ros;, JER
.1966) have studied the approp;iateness ;f different mathematical forms
of'itgm characteristig‘curveéﬂiy qsingvﬁﬁém, in'a_gompgrative way, tq ﬁré&iéé}‘

o . . . test scbre.distriButions~(See*Figuréé»2,5,4 and 2.5.5). .Hkmbléton"énd.Traub-'yf

A\l K8 A v A )

' (1973) obtained item parameter estimates for thé one--and two-parameter models from '
' \ . .‘ - "‘; *‘\_'1 s ’ ‘ P . '- . . . 5 . ) ) . ' ' ‘
' three aptitude tests. Assuming a. fiormal .ability distribution -and wusing - ’
A . ) ' - e . ' . . ’ . - '
ﬂ.; L test characteristic curves obtained from both %he one- and two-parameter
, - 7 , : . o

- >logistip'm6déls,'they obtained prédicted score distribdtions for each

5 of ‘the three aptitude tests: A x2 goodness of fit index.was used to -
. - " . ° “

L . compare actual test score distributions with predicted test score dis-

tributions -from éééh test. model. Judgment can then be used to detérmine
the suitability of any given test model and the desirability of -one model o

- L, . 4

Lot

s ‘ S

.iEl{l:C | ~ ) N K | ) i
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over anmother. "Hambleton and Traub (1973) based their predictions upon a

o - normal ability distributioﬁ assumption howevér it is neither desirable .
nor necessary to,‘make such an assumptioqwto‘obgéin predicted score dis-

o=

~tributions.

- . fa a : . F
concerning model-data fit. Hypotheses-might be generated because they
, - ) T L. , o 3
. . seem interesting (e.g., Are item calibrations.the same f(')r examinees

fecéiving substantially different types of instruetion?) or because ques-

: . g 2 . . ‘ 3 . 3 I 3 v
. tions may.have arisen concderning the validity of the chosen item response
: , ‘ ;

1 ‘

. ® . ) . . L ~., Py
- model and testing procedure(e.g., What effect dges the context in yhich

@

, an item is ﬁilot—tested.hébe on the associated item parameter estimates?)
: On this l;tterfpoint, seé—for example; Yen (i980). Surprisingiy,‘there
. is relatively little attention beyond thé attention associated with
A : Eatégofy 1 and 2 for testing hypotheses. :

o , n

.

L

. 2.6 Summary ’ ;

’ o ) v ® .

' ." bt 3 3 b . 3 3 )
Our review_of relevant literature gssociated with conducting goodness

e
1

‘of fit studies revealed a substantial meber of approaches. From our \

perspective; however, there appeared to be too much emphasis on statistical
. . . d ‘ )
i

tésts for determining goodness of fit. As an alternative, the' use of

judgment in inﬁerpretiﬁg misfit statistics and other model-data comparisons

-

.« ' for more than one model seems desirable. Perbaps the statistical approach °
can be replaced by the use of graphicél methd?s, replications, cross

. Cen T T S s

‘ validation tecﬁdiques,_gtﬁdy‘Of residuals, baseline results to aid;in *°

\

i ]

® . ‘interpretations, ‘study of pract:.ical___q"qg_sequence-siof misfit, and so on.

-

r o | |
(< . _ , . d . -
OCRIC .© L O. o ,,

1
Aruitoxt provided by Eic: . . -

. o : 3 Fiqafly, it iéireasonable'and desirable to génerate testablq.hypothéseé

“
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With respect to testing mpdel'assumptions, unidimensionality is

AN )

"

[

ERIC

A i 7ox: Provided by ERIC

clearly the most important assﬁmptiog to satisfy., Many tests of unidi-

o

mensionality are available but those which are independent .of correlations

g ' ¢ .
(Bejar) and/or incorporate the analysis of residuals (McDonald) seem

-

most useful. In category two, there is a definite shortage of ideas

.and ‘techniques. Presently, plots of (say) item parameter estimates.ob- °

1 .
+

.+ . tained in two groups are compared but-without the aid of. any "baseline

plots." Or, statistical tests are used to compare the two sets of item

parameter estimates but such tests are less than ideal for reasons offered
B 0 . . )
in section 2.2. Several new techniques seem possible and these will be
v . : T .
introduced in the next chapter. In the third category, a number of very

promising approaches have béeﬁ described in the literature but they have

! ! . RY . .
received little or no, attention from researchers. Perhaps the problem

>

is due .to a shortage of computer programs to carry out necessary analyses

<

. v 2 .
or to an over reliance on statistical tests. In any case the problem is

likely to be overcome in the near future and we will focus our attention

L}

in the next chapter on several of the more promising approaches in this

category.
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- ‘tered to a carefﬁlly chosen'sqmple of (approximately),2506°examinees.\
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'® ¢ 3.0 Analysis of NAEP Mathematics Exercises
3.1 Introduction

‘f In this section of the report (l) the NAEP mathematics exercises will
® be briefly described, (2) the particular mathematics exercises which were

. chosen for analysis will be described, and (3) ;he results from many item
R ‘response modeliNAEP math data fit investigations introduced in section 2
\" o ‘ o .

T ~will be presented and discussed.

s 3.2 .Description of NAEP Mathematics Exercises
.i'f In the 1977-78 NAEP assessment of mathematics skills of 9, 13, and

'17;y¢ariolds, approximatély 650 test items (called "exercises' by NAEP)

at each‘age level wére used. Available. test items at a given age level 4

were randomly assigned to one of ten forms. Each test form was adminis-

Elaborate sampling plans were designed”and carried out to insure thagweacﬁ
form was'éﬁministered to a nationally representati?e sample of ‘examinees.
Item'stétistics play oﬁly a minor part in NAEP mathematiés-tes:-

development. fest itemé are included iﬁ test forms if they measure what
national panels of matHematics specialists believé should be includea

in the NAEP-testing program. Content considerations are Hominant in the
item selection process. In this respect test development paralleléptﬁe
construcfiog of ctiterion—referénced tests (Pophat, 1980; Hamglgtoq,_l982?).
Tables 3.2.1 and 3.2¢2 provide infbrmatioﬁ‘on the distribution of item
content across six content categofies for four test booklets (two:booklets

g

at tﬁg 9 and 13 yéar old‘levels).v Math calculations, story problems,
oA

;-

e

and geometry appear to be the most frequently occurring types of test
items.

42

.
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Table 3.2.1

, Content Classification Summary of NAEP
’ ’ Math Booklet No. 1 and 2 Test Items

X : (9 Year—01ds;1977=78)

=y

.

Bogklet 1

Story Probléﬁs

Money A

- Booklet 2

Story Problems

1 Money 3
General 5 - General 2
Logic, Probability, . Logic, Probability,
Permutation and 4 “Permutation and 7
Combination _ Combination .
. Total’ 10 Totai 12
Geometry » Geometry ' ,
Story . , 0 Story 0 -
. Definition/Operations 9 Definition/Operations 9: .
Tigure Interpretations, ’5 Figure..Interpretations, i
Manipulation . __ Manipulation .
Total 14 Total 10
Definition Definition
Total . 1 Total 16
: Calculation . Calculation \\
‘! %,
: General 15 General M 25 .
! Algebra . 8 Algebra 1
{ .
L Total 23 Total 26
\ Measurement MeaSUrémeut
\ English 3 English 1
\ Metric ’ 3 Metric 4
Total 6 Total 5
i .
Graphs and Figures Graphs and Figures
Total 5 .. Total 6

3
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‘Table 3.2.2

Content Classification. Summary of NAEP
Math Booklet No. 1 and 2 Test Items
(13 Year Olds, 1977-78)

A

R

Stry Problems
Money <
Gimeral '

Booklet 1

Logic, Probability,

{'ermutation and

(\ombination

Total

Geometry
Story

Iefinition/Operations
I'igire Interpretation, -

Manipulation

<

"otal
1
<Jefinition

Total -

Calculation -

ayGeneral
"Algebra

Total

Measurement

English
Metric

Total

Graphs and Figures
- 7

Total !

1o

|+

Booklet 2

he

Story Problems -

’Monéy
General

Logic, Probability,

Permutatien and
Combination .

Total

Geoﬁetrz
Story

Definition/Operations
Figure Interpretation,

Manipulation

Total

Definition
N\,
Total

Calculation

General
Algebra

Total

Measurement

‘ English

Metric

Total

Graphs and Figures

Total

O N

0o

r—
w

l -

R

%
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""linking'" test items across age levels to a common scale was of no inter= .

common test items (Lord, 1980; Wright & Stone, 1979). However, at a

: 2
‘given age. level, there were no common. test items. Had we been interested

—41-

'About SOZ of the ﬁegf items in the 1977-78 assessment weré included

L

~on*shempfevio&s—NAEPmmethem&&fés—assessmeani%—&94&-727——iﬁ—addition:—vn—j————4———4—f¥%—

>

the 1977-78 assessment some test items were included in the mathematics
. 3

test booklets at all three age levels. While in our research investigation

-

est, such a task could have heen accomplishéed with the aid of these

3

in_ﬂlinking” test items at a given age level to a common scale, the task - .

could have been achieved éasily because of the plausibie assumption that
test forms were administeréd to equivalent ability groups (Lofd, 1980;

Hambleton & §waminathan, i982)r

¥
i

Test itéms in the NAEP mgthemétiqg_assessment were of two types:
multiple—éhoice, and open—ended? Tables 3.2;3, 3.2.4, 3.2.5, and 3.2.6
providé.informatiou 6n the item fOrmats ‘and pontent~categofies of test
items in NAEE math booklets 1 and 2 fér 9 and 13 yéar nlds. Amqpé the
multiple—choiée test items it ‘was also intgresting o note~tha£ thévnumﬁef

of answer choices varied. Information reported in the four tables pro-

vided the basis. for several important analyses described in section 3.6.

-

3.3 Description of Data , 4 .
Six NAEP mathematics test booklets from the 1977-78 assessment were

selected for ahalysis{

9 Year 0lds - : :
Booklet No. 1, 65 test items & - *
Booklet No. 2, 75 test items ‘

Booklet No. 3, 68 test items

LS
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MC Ttems havé 5 answer

1

B3 ~ e
2
Q. ;

-

ot

choiges,(iﬁﬂiuding‘"I donft know'") unless

.o

o L e

Lob

A

otherwise noted.

) \ 5
¢ \ . =42~ . N -
. i Table ~3.2.3 // |
Format and Content Classificatioﬁ of NAEP
_ //’ & Math Booklet No. 1 Test Items
PY . (9 Year OQlds, 19.77-78)
Item No. Ansﬁef Formatl Category
. 1/102A MC Definition
‘. 5/105.1;"% ‘\ MC (6 options) Definition |
3/103A MC "Story problem - money
4/104A MC (6 options) «w Géohetry - definition
= 5/1043. ) ' Mc (6 options) Geometry.— definition
,": " 6/105A MC Geometry —'figure manipulation,”
, interpretation o
7/1064 - OE Geometry - opetations
."8/1068 OE Geométry - operations
L B .9/106C MC ‘ Geometry - operations . ;
10/1074A MC (6 options) Measurement —fgpglish
11/108A ] OE Calculation %
12/108B OE % Calculation
@ 13/108C . OE Calculation
14/108D _OE ) Calculation
15/108E . . OE ) Calculation
. _~ 16/108F ka | _OE Calculation | T
o ©17/109a ' MC _Story problem - logic
18/110A OE 4 'Story problen - general
.l9/1ilA e me T Geometry - definition ’
S 20/112A OE Calculation o
L ) 21/1128 - OE Calculation ~ S L
| 22/113A " MC* Measurement - Englfsh :
23/114A . MC (6 options) ~ Story problem - general
" 24/ 115A OE " Calculation - algebra
’ 25/115B OE Calculation - algebra
, 26/115C ‘ OE fCalpulation -.a1gebra
27/115D 3 OF | Calculation - algebra p
. . ... 28/115E <. OE Calculation - algebra., X
LB 29/T15F ‘OE Calculation - algebra
30/1156 OE ’ Calculation - algebra
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- Table -3.2.3 (continued)

60/135A.

OE

(6 options)

Story problem - probability -

Item No. Answer Format Category
31/1164, MC (6 options) Graphs and Figures .
- 32/117A Me Definition
' 33/1178 MC Definition
e ¢ ‘34'/1181\ MC (4 options). Measurement - metric
_ 35/119A MC (6 options) Graphs and Figﬁresl
- 36/120A OE ~ Calculation
' 37/1208B OE i Calculation
._, 38/121A MC (10 options) ' Definition
’ " 39/122A '_MC‘(6 options) . ‘Story;pfoblem -general
" L 40/123a MC Calculation
: 41/124A ) Story problem - general
A 42/125A 0E Calculation i
43/1258 OE Calculation - -
44/125C OF Calculation b
45/126A OE Measurement - metric
1. 46/127A MC (4 options) Calculation - algebra
& 47/128A MC (4 options) Measurement - metric oo
48/129A L OMC Graphs and Figures.
. ‘49/1298 MC Graphs and Figures
¢ 50/130A MC (4 options) Story problem<- logic
51/130B MC (4 options) Story problem - logié )
527131A MC (7 opt}ons) Geomecryy— figure manipulation,
S s Jigperprétation !
v.' 53/131B MC (7 options) Geometry - figure manipulation,
N : a interpretation
[ 54/131C ) MC (7 options) Geometry - figu;e manipulation; :
‘ . : : - interpregation
55/132A . OE \ Graphs and Eigures{‘"’; '
56/133A OE Story problem - general
.57/134A MC (6 options) Geometry - definition
i 58/134B MC k6m0ptigns)ﬂ Geometry - defiﬁition
’ 59/134C MC Geometry - definition .

«




e
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Table 3.2.3 (continued) o -
.' Item No. 4 . Answer Format - Category
61/136A ) : ) '~ Measurement - English -
. 62/137A -OE ‘Definition
L} .63/138A OE ~_ calculation |
! ' 64/139A ,‘; MC : Geometry - figure manipulation,
B ' : ' - interpretation

" 65/140A - MC Definition




o g . 5=
Table 3.2.4

Format and Coﬁtent Classification of NAEP
Math Booklet No. 2 Test Items :

7

e . (9 Year Olds, 1977-78)
) Item No.. ‘ o Answer Formatl . | Cétegor§
o ’ . ) O " el
1/202A - - : MC Definition
2/2028 ' MC ' Definition
oL 3/203A - - OE L Calculation .
S 4/2038 o | OF Calculation '
o '5/203C : OE Calculation ‘
. . 6/203D o - OE : Calcuiécion _
o 7/203E . 0E Calculation o
: 8/203F : 0E Calculation
o 9/204A o -~ OE Calculation”
10/204B - ‘ OE Calculation
11/204C , oE . Calculation
7 12/204D B 0E Calculation
¢ 13/é05A . o ' MC) (6 options) Geometry - operations
. 14/206A MC (6 options) Story problem - monéy
N 15/207A . " MC ‘ Graphs and Figures
 .v. 16{2075 ‘ MC : Graphs and Figures
®. - 17/208A , . OE 4 ' Calculation |
18/208B - - OE jCalculation .
19/208C ' OE ~ Calculation
f' , 20/209A | MC Story problem - combinations
) 21/210A . ' . MC (8 options) Graphs and Figures
22/2108 . ‘ MC (6 options) Gfaphs and Figures
23/210C - MC (9 options) Graphs and Figures .
° 24/211A .  MC (4 options) Definition ’
25/211B _ _ MC (4 options) Definition
26/211C _ MC (4 options) . Definition .
27/211D : » MC (4 options) ¢ Definition
° ' ‘23/211}3» ' : ) MC (4 options) Definition |
‘ 29/212A MC (4 options) Measurement — metric
30/2128B ) ’ e - 7 Measurement - metf%s
\1 N : ~

"MC Ttems have 5 answer.choices (including "I don't know') unless otherwise noted.

. 4:9‘
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- - ' Table 3.2.4 (continued)

® , ,

' Item No— — Apswer Format - Category
31/213A o ] OE Calculation — algebra
32/214A . OE ;9 . St.ory' problem - logic

¢ . 33/215A - . OE. , Definition ,
34/2158 : E Definition
35/215C ' " OE : Definition _
36/216A . B " MC (6 olptions)'. Geometry - definition

’ e o 3?/216B : o MC (6 ;3pt_ions) Geometry - defipition

?‘ 38/216C | \ ’ MC (6 options) Geomet;y’- definition
_‘ - 39/217A ) MC A Story problem - money
L 40/2184A o : OE | # Calculation R
he '41/2188 O - OE - Calculation
< 42'/218C S B OE ‘ o : .- Calculation
| 43/218D I :C;E + Calculation
. 4'4/218E S - , OE Calculation
¢ 45/218F . . OE Calculation
- S 46/219A \ ' ’ MC » " Geometry - Op,erations
' 47/220A ' OE S Calculation
‘ 48/220B : " OE Calculation .
® 49/220€. .- | OE Calculation
50/221A. » MC Geometgxy - definition
51/222A - MC k _Measurement - metric
52/2238 T e ~ pefinition ‘

®. 53/224A . : MC : . Definition
54/2248 7 | MC o Definition
55/225A ~ ' - MC ‘Story problem - logic

/ 56/2258 o MC _ Sto‘ry préblem - logic;v

.~ 57/22‘5C MC . ' Story problem - logic
58/226A , “ . MC | : Story problem - general

) 59/226B . MC A Story problem - general:

o 60/227A | oM | Calculation '
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T SRV E
) ) , Table 3.2.4 (continued)’ .
@. . . Item No. ) " - Answer Format _ S Category
€£1/228A . . Mc Geometry - definition -
v 4 62/2288 MC " Geometry - definition
e 63/229A U _ Definition | |
-64/229B . CoooMe . Définition S
65/229¢ - oMe - Definition "
. - 66/230A . . ° ' OE - © CMgulation .
67/231A - _O0E Story problem - money
68/_232A ‘ ' OE © . . Geometry ‘- operations _
69/233A , . OMC v Storjf'f)roblem - logic : .
. 70/234A i OE .~ Story problem - probability .
o 71/235A . o OE Geometry - figure manipulation,
: v ' ‘ ° - interpretation
72/236A _ COE. " Calculation
73/237A. - ' _ OE . Measurement - English
‘ 4/2388 . OE . Graphs and Figures -
B o 7§<239A - L MC . Measurement - metric
. N\
SN
. \
\
\ .
\
: \.\
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Table 3. 2.5

\
L T

e . : .

Format ‘and Content Classification of NAEP Math Booklet, P o 'é, \ .
"~ No. 1° Test Items co

(13 Year Olds, 1977~ 78)

o, |

J,Item'Np,

AnSWef;Formatl

" Category

1/3024 -

2/103A

3/1038
4/104A

"5/105A
6/106A . .

7/106B

.8/1068

19/107A
10/1084
11/109A

©t.12/109B

- 13/109¢C

© 14/109D°
15/109E

16/109F
17/110A
" 18/111A

19/111B

20/112A
21/112B
22/113A

23/114A

24/114B
25/115A
26/116A

27/116B

28/117A
26/1184A
30/119A

W

OE

MC

OE
MC |
‘MC -
MC

MC S
MC

MC
-OE

OE

OE

OE

OE
OE

MC (4 options)

A

OE
OE

- OE |

OE .

" MC (10 options)

‘MC

V(Y v

OE
nc?
MC -
OE -
QE

. MC (7 options):

‘Calculhtion

Story problem - money

Definifions

" Definitions

Measufeﬁent - English

-

A

Geometry - definition, operathns

vGeometry - definition, operatlons

\

.Geometry - deflnltlon,operatlons

Story problem - loglc
B

.Measurement - metric =

Calculation - subtraction]

Calculation - subtraction

Caluclation - subtraction:

Calculation - subgraction i

"Calcdlation4— subt¥action’

Calculation = sub;;aetidh

oy
Measurement - metric

'Storyfproqlem - general

Caleulation -

yCalculatibn

Calculation

Defiﬁitioﬁ

Definiﬁion_

Definition e
Story probiem - money ‘

Geometry - definitions, operations’

o
-Geometry - ‘definitions, eperations

Geometry - definitions

Measurement - English

Story problems - general

lMC items have 5 answer choices (inclu ding "I don t know") unless otherwise noted. .

= ; . - = )




Tabie 372.5 (continued)

L

s

I%em No. Answer Format "CategoryA> a
31/120A . MC Geometry - figure~manipulation,
interpretatipn
32/1208B MC - Story problem - genéral L
33/121A MC (6 options) ~ Story problem - genmeral - .
34/122A Mc - 3 Geometry - definitions ;
35/1223‘ MC ’ GeomegryA- definitions l K
36/123A MC Story problem - money
37/124A MC (6'6ptions) Geometry - story, problem -
38/125A MC ' Definitions ‘
' 39/126A M Definitions S
40/127A MC Story problem - combinations |
*41/128A MC C Definitions e \
42/129A MC (6 options) Geoﬁe?ry - defknitions,oﬁérafidns ‘ 1
45/f3Q§ MC 5 Geometry -'figure‘manipulatién T ‘
44/131A OE Calculation n S
45/131B * OE . Calculation o
46/132A MC Stdry problem.-‘géneral.
47/133A MC. Geometry - sgii} problem . . * . .
'48/134A MC (6 options) Definitions '
49/135A OE ] Calculations - algebra o
'VSO/lB%A MC | Story problem -‘generél o }
51/137a MC (6 options)  Story problem - probability PN
52/137B MC (6 Sptions) . Story problem £ “Sprobability
53/138A . MC (6 options) Geometry - figure manipulation N
S4/l3§Aa' 0E Calculation.
55/140A OE 'Graphs and figures
56/141A ' MC * Story prgglem - logic
57/142A OE s uMeasurement --English
58/143A " * OE, Calculation o :
P . ) 7

o
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BN
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S . o Table 3.2.6 .
PR " .. TFormat’and Content Classification of NAEP
co L ' - Math Booklet No. 2 Test T¥ems . .
R k - (13’ Year Olds, 1977-78) . |
o . . ~ . ' g\ , ) .
Iteﬁ Ne. ) ' 'AQ%wer Format! s . : T Category \\\
. L 172024 o . \\PE S s Calculation - algebra
J!’ o ,2(2035-' | - ?73? ’ %§§\%%¢» Calc&iat%oﬁ o .
3/204A . - ‘ o . Calculation _ _
4/2054 L M. Story problem - logic -
5/206A . . MC \ | De%iﬁitionss
6/207A | ” o ;OE ' : Graphs and Figures
7/208A . OE ' _ Measurement - English
8/209A % e ‘ K OE . 7 : - Stlory problem - general
9/210A .’ ;0 ' OE . Célculat{on - ‘ .
10/210B T oE o ‘Calculation ‘ o
" 11/210C * OE !  Calculation | .
\ LZ/ilOD 4 i . - OE 4_ . Calculation | .
ll3/21;A o ’ MC (6 options) . Geometry - definitions ‘ N
| 14/212A @ , CMC \  ,Calculation,- algebra o
.f 15/213A- e ¢ ; MC (6 options)> Geometry - story ptoblem
jl l§/21€§§. _,' OE - N Calculat%on .
©17/214B° OE Calculation’ . )
. 18/214C Lo s * . OE - . Calculation _
15/214D ) e _ OE ' Calculation .
20/214E I v/ 4 OE 7 Caicu%ation ’
21/214F . ; 2 - ) : 5 . " Calculation )
_422/215A e, - » _‘ MC. (6 options) Geometry -4definitidns
23/216A - “ - : OE. Calculation : ) -~
24/216B _ OE . - e Caiculatioq
) éS/ZlﬁC - ' N OE | Calclilation )
26/217A S ‘ MG ' S Geometry - definition
127/217B . MC. .- *  Geometry - definition
28/218A . i ‘ ¥  OE . Story prob}emlm general :
29/219A , T ‘ T MC '; Story problem - money
. :30/220A 0 _ , OE - Story problém - probability .
1Mc iﬁéﬁs have 5 aﬁswer chqicés (including "I don't kiow') unless ﬁtherwiée,notgd.
‘ . ~_£5(4;b . N - o
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 62/241B , . OE/

!

-51-
‘} . Table 3.2.6 (continued)
Item No. _ ) - Answer Format Category
5 31/221A - "MC N Definition )
32/222A "MC (4 optione) efinition
33/2228 | | . MC (4 options) Definition
34/223A- ¢ VMC k6 op;ions) Stéry problem - géneral
35/224A . ’ OE ‘Stoix problem - money \v
36/225A4 . : MC (6 options) Graphs and figures
37/225B MC (7 options) Graphs: and .figures
38/225C ‘ . T MC (6"optioné) Graphs and figures /
39/226A . OE Calculation - algebra v
40/227A “‘ MC Story problem Z general
41/228A | o _ " OE Calculation - algebra
42/2288 | OE Calculation - algebra
.43/229A " MC -(4 options) Story pfpblem - general
44/230A | MC Geometry - figure manipulétion,(
‘ interpretation .
45/231A. ‘ " _ MC (6 options) Story problém -mgséigpaffgﬁ‘
) ) . and combination
‘ 46/232A ) ' MC Story problem - general
47/2328 - MC Story problem - general
482338 OE Definition |
492338 . GOE Definition !
50/233C ~ OF - Definition
51/234A o T MC (6 épgions) Geometry - definitions AR
52/234B : - MC (6 options) Geometry - definitions
53/235A L OE Story problem - general
54/236A s L ' MC _____ Geometry - figure manipulation,
- . B —- T interpretation
- 55/237TA——" _ MC (6 optioc definitions, operations
56/238A . * OE Story problem - generalj
.57/239A ‘ | + MC (6 optiéﬁs) Story problem - probability
. 58/240A E - MC (6 ogtions) Graphs and figdres
' 59/240B ‘ ' MC (6 ¢£tions) Graphs and figures .
60/240C - _ ' MC (@fsptions). Graphs and figufes
61/241A . T OE Calculation - algebra

Calculation - algebra

| 55
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- ~ f 13 Year Olds

Booklét No. 1, 58 test items
Booklet No. 2, 62 test items

\

/ .

Booklet No. 3, 73 test items
- : . . L 3 .
In some of the computer printouts which follow the six booklets above are

designated 109, 209,/@09, 113, 213, 313, respectively. There was no

.o
o°

/
particular pattern to our choice’ of data sets for the varlous analyses.
' For some analyses all six data sets were used, for others,:only one or
two werée used.

Tables. 3.3.1 and 3.3,2 contain the one- and three-pépgme:er logistic

© ~--——model \parameter estimates for items in the six NAEP math pooklets men

!

Y

tioqqd above. Bétween 2400 and 2500 examinees were used in item parameter
estimation which was carried out with the aid of LOGIST (Wingersky, 1982;

Wingersky, Barton, & Lord, 19821).

IThe mb t recent references to LOGIST are given but the 1976 version
of the’ computer program was used in our analyses. / '

1o
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. S Table 3.3.1 : —
. NAEP Math Item’Response Model Parameter Estimates f
(9 Year Olds, 1977-78) ’
" Booklet No. 1’ ) Booklet No. 2 i Booklet No. 3
Test - : :
Item I 1-p . 3-p “1-p . 3-p l-p . 3-p
/\. ; b i : b b i ¢ b & i :
5 | .22 .20 1.15 19 -1.39 -2.86 24 .09 b4 2.67 .08 .01
2 .17 .30 1.20 09 -1.40 -2.82° .25 .09 -.31 -1.76 .09 .01
3 -.22 .15 1.20 .17 -2.63 -2.36 .77 .09 .15 .24 .27 .01
4. -2.55 -4.01 .37 .06 -2.13 -1.64 .99 .09 -.14 . —.54 .15 .01
5 -2.33. -3.39 .40 .06 -2.21  -1.86 .85 .09 -1.58 -4.96 .17 . .01
6 -.93 -1.77 .27 .06 |- -1.40 -1.07 .92 . 09 -1.23 -1.24 .64 .01
7 2.18’ 1.91 1.56 07 1.99 -1.49 1.05 .09 3,62 3.22 .76 . .01
8 .82 .86 .70 .03 -1.68 -1.26  1.00 .09 - -1.49 -2.31 .37 .01
9 .21 .38 .51 .05 -.42 -.10 1.58 .12 .93, 48.36 .01 .01
" 10 .53 .58 1.13 08 -.48 -.20 1.42 .09 -1.63 ©-1.97 .50 .01
11 -2.32 "=1.62 1.42 06 .01 09  1.48 .05 .04 .69 1.22 .27
12 -1.81 -1.30 1.26 06 -.01 .08  1.26 .05 -1.94 -5.11 .21 .01
13 -2.17 ~1.48 1.55 06 2.63 2.18 1.07 .02 .83 .70 .82 .01
14 -1.13 -.79 1.24 06 .60 71 .95 .09 1.65 1.52 71 .01
15 -1.62 -1.09 1.49 06 -1.13 -1.00 .66 .09 1.15 .81 1.14 .00
16 -1.20 -.81 1.39 .06 -.32 .06 1.03 .17 6.31 4.83 .88 .00
17. .19 .51 .32 .06 -1.13 -.93. .82 .09 .31 .29 .89 .02
18 ~-1264, -1.63 .65 .06 -1.14 ~ ~.88 .83 .09 -.02 -.05 .53 .01
19 -1.90 . -2.23 .52 .06 -.26 ~. 07 .99 .09 -1.50 -1.28 .88 .01
20 -.60 -.47 .79 .06 1.99 1.64 1.07 .03 -2.00, -1.69 .89 .01
21 48 .37 1.19 01 -.60 -.33  1.06 .09 -2.73 ~4. 04 40 .01
22 1.55 1.25 1.46 06 -.32 -.10  1.19 .09 -1.58 -1.59 - .66— .01
23 -.14 .32 1.39 21 % .52 .49 1.25 05— =1764 . -1.64 .67 .01
24 ~1.69  -1.22° 1.20 - .06 |\ =3.50 _ =2:87—.96 .09 -1.27  -l.62 .47 .01
25 .49 43 1.04-- ,—zes~'“"\<?.48 -3.12 .81 . 09 -.28 -.21° 1.02 .01
o : 1.00 .09 -1.91 -1.51 1.05. .ol
".65 . 09 -1.75 -1.34 "1.11 .01
.64 .09 -1.17 -.85 1.18 .01
1.10 .16 -.81 -.62 1.05 .01
.56 .09 ~1.41 ~1.06 1.14 .0

0.

e C -~
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o 2 . . Table 3.3.1 (continued) : v - e

NAEP Math Item Response Model Parameter Estlmates
' (9 Year Olds, 1977-78)

.

Booklet No. 1 ) Booklet No. 2 , ~ 'Booklet No. 3
Test , : . R : . ' .
Item 1l-p 3-p 1-p. , . 3-p 1-p 3—p'
b b a c b b a ¢ ) b a c
. 31} -89 _ .66 .98 .06 1.20 1.06 .80 .00 -1.0Q -.75  1.10 .01
- 32 . 3.59 .51 2.00° .02 - 1.10 .88 .94 ~.00 4.23 3.57 .85 .01
33 1.61 ° g.93 12 .06 .03 .18 1.15 .09 .91 < 1.41 .77 .15
34 -.64 -.63 .56 .06 -.10 .08 1.13 .09 -2.06 -1.97 .73 .01
35 - -1.51 -1.41 71 .06 © .13 .27 110 .09 -.26 -.97 .15 .01
. - \‘ N :
36 | -.68% -.51 .89 .06 .50 1.38 .87 .zg -1.11 -9 - .87 .01
37 2.47 7 - 1.8 1.00 .00 ~1.87 - -1.74 .69 .09 . 1.68 1.45 79 .01
38 -2.99 -3.93 W47 .06 1.60 1.68 .91 .0 -1.47 -1.71 .54 .01
39 1.53 2.52 .67. .13 1.21 1.86 1.79 21 -3.45 -4.02 ;58 .01
40 1.77 2.40 1.00 .13 ~.61 -.35 1.09 .09 -4.21 -5.24 .60 .01
41 1.55 1.07 1.33 .00 46 35 1.17 0l 5.57 - 3.66 1.11 .00
42 1.77 1.58 .77 .00 - ~1.07 -.65 1.35 .09 5.48 3.76 1.04 .‘00
43 °4.02 2.53  1.40 .00 -.25 -.15  1.40 .01 5.66 3.49  1.23 __.0Q
44 4.90 2.80 1.62 .00 -1.20 . =74 1.42 .09 . 5.76 378 I.10 .00
45 1.03 2.56 .27 .06 .18 ©.15  1.20—01 || 5.87 3.32 2.00 .01
’ R /
46 .69 96 1.18 .16 1.58 °~  1.77 1.15 11 2.08 1.88 .73 J01
47" -.18 -.15 .37 .06 -2.37 -3.15 44 .09 1.51 1.22  1.09 .04
o 48 -1.74 -1.51 .82 .06 -1.23 -.93 .88 .09 -2.62 -2.48  ¢76 .01
© 49 1.02 1.14  1.38 .13 .00 .16 .85 .09 -2.58 -2.15 .98 .01
.50 -.72 ‘o148 0 .26 .06 | .39 .58 .75 .09 -2.41 - -1.95° 1,05 .01
o1 1.23 .21 .06 -1.49 -3.33 .23 .09 -2.05 -1.75 .90 .01
- 52 71 3:33 W14 .06 | -1.04 -.63  1.27 .09 -2.21 -1.96 -85 .01
53 2.49 2.49 1.51 .07 ~. 0L .39 1.44 v .20 -2.22 -1.91 . .90 .01
54 2.55 2.39 ~ 1.17 -+ .06 .28 .73 .76 .15 -.16 -, 27 .39 .01
55 ' 5.06 3.11 1.44 .00 1.20 ©2.30 .60 +15 1.98 3.37 .69 .12
i 56 2.14 . 1.60  1.05 .00 -.17 02 .45 .09 -1.43 -1.27 .82 .01
57 W12 .48 .82 .15 .60 1.21 .65 .16 -.86 -.84 .69 .01
58 1.32 1.33  1.08 09 b 74 -.56 .73 .09 -.10 -.25 .28 .01
59 T | 1.06 T 1.20 1.62 215 ) .01 29 .94 .13 1.36 2,02 1.01 . .170
60 1.51 .1.55 .63 0L |\ 1.33 - 1.3 .92 .06 ~.96 -1.05 .59 .01

96—

A, ’ ] \ o | . | : RV L 60 i
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- " Table 3.3.1 (continued)

NAEP Math Item Response Model Parameter Estimates

(9 Year O0lds, 1977-78)

° . - Booklet No. 1 Booklet No. 2 : Booklet ﬁo. 3
.. Test ' : .
Ttem P 3-p l-p 3-p 1-p 3-p
. b b a ¢ b. b a ¢ b LN a ¢
61 2,41 1.88 1.13 .02 ~2.18 -4.00 .09 .09 .73 .78  1.08 .09
62 -1.95 -1.94 .66 .06 . |- .30 . .83 .35 .09 -.07 18 1.42 2 ——
63 .09 .17 .94 .06 . 1.49 2.43 .26 .18 43 ___.68—"T33 . 01 ' ‘
64 .70 .99 .71 .10 | 2.01 2.49 .79 A2 a1 129 .94 .06
65 1.12 3.31 .22 .06 ° 1.21 46772 .19 7 .09 -1.41 -1.39 .68 .01
. 66 2.12 2.14 .75 .03 -.51 -1.03 .28 .01
. 67 1.14 1.45 .68 .09 .70 . .56 .91 .01
68 4.82 . 3.15 .23 .00 -.66 -.84 .49 .01
69 .06 .35 46 .09 i :
70 - 2.61 4 .84 .38 .03 ' N
. 71 2.88 3.16 .65 .02 .
72 3.28 2.38 .14 .00 g
73 .74 1.15 .57 .09
74 .49 .64 .80 .09
75 73 1.51 .39 .09
[ .
6i :
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e e ) . o Table 3.3.2 ‘ : - : :
. NAEP Math Item Response Model Parametet Estimates

(13 Year 0lds, 1977-78) _ oo ‘ \

o
C__.id— """ Booklet No. 1 N ~ Zooklet No. 2 Booklet No. 3 |
Test . : ’ ' .
Item 1=p ‘ 3-p 1-p 3-p ’ 1-p . 3-p
. b b a ¢ b b a ¢ b b a c
1 -1.92 " -1.43 1.00 .11 -.32 0 -.26 71 .04 -1.51 -.86  1.52 .11
2 -3.71.  =2.40 .77 11 .10 .28 1.10 .10 -1.68 -1.00 1.48 ° .11
3 -2.19 -2.87 .77 11 -.67 -.77 .54, .04 -1.13 -1.27 430 11
4 -.09 .03 L.72- .04 | -.86 -1.07 - .49 04 -39 -.14 . .87, .11
5 -. 67 -3 1.5 11 -.30 -.02 - 1.13 .13 .39 .39 1.21 .06
6 .66 . 1.05 1.12 .17 " 1.56 1.58 .72 .00 -2.63 -3.12 .48 .11
) 7 45 .94 1.19 21 -.03 .05 .78 .04 - 79 -.47 .90 11
—8 -.94 -1.78 .24 .11 ~3.13 -3.51° .63 .04 -2.06 -1.58 .89 .11
9 .95 1.39 .67 A1 |- -1.78 -1.25  1.66 . .04 1.51 2.21  1.00 .16
10 -1.60 -1.12 1.06 11 -1.72 -1.21  1.65 .04> 1.29 2,59 . 1.21 .22
11 -3.22 -2.27 L3111 | -161 -1.15 1.58 o4 -2.07 -1.73 .77 11
12 -2.88 -2.09 1.20 .11 -1.40 -1.01  1.45 .04 .84 .60 1.10 .00 T
13 -2.72 ©  -1.94  1.23 11 -2.51 - -2.35 .83 .04 15 .16 1.15 .03
14 -2.65 -2.00 1.05 11 .33 .52 .54 .04 -2.29 -4 :06 .29 .11
* 15 . -2.28 .  -1.83 91 .11 .91 .90 - .99 .04 - =.04 . 45 '1.16 .21
16 -2.20 -1.96 .75 A1 | -2.16 -2.06 .79 .04 19 . .6l 1.15 .20
17 -1.08 -1.16 .48 11 -1.78 . ~-1.61 .86 .04 .31 .70 1.32 .20
18 . 2.02 1.86 .78 .01 -1.89  -1.71 .87 .04 1.06 2.19  2.00 .26
19 ~. 54 -.25 1.23 .11 -3.03. -3.75 .55 .04 -1.08 Co-.66  1.12 .11
20 - 42 -.20 1.92 .04 -3.03 -2.84 .84 .04 .69 .86 1.24 .14
21 -.25 ~.12 1.71 .02 -2.89 . -3.25 .62 .04 -.36 -.10 .98 .11
22 -2.84 ~3.41 .50 .11 2.70 3.53  "2.00 .06 ~2.84 -2.61 . .71 11
23 .64 1.27 1.51 .25 .53 A 1.18 .01 -3.00 -2.48 .86 11
24 .81 1.13 1.12 .16 .22 .23 1.18 .03 =2.94 -2.40 .88 11 L
25 -.07 .14 - 9% 11 - -.48 -.40 .78 .04 -3.30 -2.68 .92 11 ’
26 -1.10 . =-1.39 .39 1T -2.02 -6.17 .19 .04 -3.,37 ~2.67 .97 11
27 2.34 © ° 3.04 .96 .02 -.19 .23 .32 .04 -3.12 -2.43 .99 .11
28 1.43 2.75 42 .15 21.19 7 1.24 1.39 .10 14 47 - .84 .14
29 1.65 1.46 .87 .02 |- -2.39 -2.57 .66 .04 1.62 2.02 .82 .11
30 .21 .48 . 1.18 .15 1.67 1.71 .71 .00 .32 1.16 .30 W11
\‘1 —— - - o

63 . | '-  :'J.; | , | g ;;.f; *;
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' A ' Table 3.3.2 (continued) ' R RO
' NAEP \{ath Item Response Model Parameter Estimates
(13 Year\Olds, 1977-78) .o
N b ) g
\
s \ @ :
Booklet No. 1 \ Booklet No. 2 Booklet No. 3
. Test ' \\ : o \ ‘
Ttem 1-p 3p 1-p \ 3-p 1-p - 3-p,
b 2 ; : b \h 5 : b b AU
31 -1.18 -.88 .84 A1 .87 , \\._78 1.10 .03 1.90 2.80 2.00 .16 -
32 -.34 .16 1.46 .21 -.75 -1.03 .42 .04 -1.28 -1.03 .71 .11
33 .36 166 .68 11 -2.93 --2.4\3" 1.06 .04 -, 40 .66 1.02 '\ .14
34 -3.25 -4.13 47 .11 -1.90 -1.81 .78 .04 1.49 11.26 .10 .11
35 -.75" -.73 .46 11 1.29 1.30\\ .72 .00 -.02 .20 .97 g1 ‘
\ .
36 L 1.44 3.75 2.00 .21 -.39 -.31 \ .79 .04 1.16 87.54 .01 11
37 " .63 .97 .69 11 ~-.75 -.44  1:30 .10 -.28 -.01" 71 11
38, -1.41 -.88 1.37 11 .68 .76 l\.07 .07 -.16 .32. .13 A1 .
39 -.93 -1.24 .35 W11 .01 .08 284 .04 2.13. 2.45 .79 .07
40 -.71 -.41 1.05 11 .20 .40 1.07 .10 -.84 .46 1.11 11
. : v \
41 1.12 1.00 1.11 .05 =2.01 -1.81 88 .04 12 .52 .45 A1 b
42 -.89 -.62 .79 11 -1.33 -1.13 .96 .04 1.68 3.62 - 2.00 .19 ¥
43 - -1.39 -1.16 .73. .11 -1.32/ -1.39 .65 .04 2.25 1.54 1.19 00"
44 -.82 -.65 .69 11 ~~1.04 -1.86 .32 .04 -.86 -1.52 .23 .11
45 .23 42 .85 .11 ~-.70 -.78 .56 . .04 .88 1.02 1.17 .13
46" 74 <74 1.28 .08 -1.51 -1.37 .85 .04 3.63 3.15 1.18 .03
C 47 2.24 "'3.06 1.54 A1 ~-1.45 -1.17 .. 1.07 .04 .09 .48 1.00 .18 :
48 1.92 1.86 .89 .04 1.07 .94 1.02 .16 .70 1.04 1.95 .20
49 .04 .24 .97 .11 1.63 1.27 1.20 -.Od\ .77 .96 1.79 .17 .
50 ~1.82 ~1.57 .76 A1 -.57 -.42. 1.02 .04 .53 97 W
51 1.67 2.24 1.03 .13 .78 4.44 .12 .04 1.95 .90 .01
52 -. 46 -.71 .20 .11 1.62 2.65 .58 .08 . .78 .98 .15
53 -1.68 -2.04 .45 .11 .48 .39 1.18 .00 \ .14 /..03 .05
54 -1.10 -.86 .78 11 -1.87 -2.21 .57 .04 .36 1.10 » 00«
55 1.24 .95 1.13 .01 .12 .22 .66 .04 03 - 1.09 .07
56 -1.05 -.85 .71 L1 .02 .07 1.44 .03 2.58 .79 .05 .
57 .90 .66 1.24 .00 1.95 2.57 200 .12 1.96 1.15 .13
58 -1.19 -.93 .79 .11 1.64 1.43 1.29 .04 ~-1.84 1.13 11
59 1.51 1.46 1.63 .09 -1.30 .81 A1
60 -1.16- -1.28 .60 .04 -1.01 .55 211
bo : e :
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: - TR ' Table 3.3.2 (continued)- '
’ NAEP Math Item Respouse ‘\dodel Parameter Estlmates
- ® 77 (15 Year 01ds, 1977-78) :
¢ L . Y N ..a
Booklet No. 1 ' R Booklet No. 2 ‘,"/ Booklet 'No. 3

Test K , : Coe SR . . - .

Ltem 1-p o Y3spe 1 1-p 3-p . 1-p- 3-p . :

B S - : 5 b 4
61 —.63 7 =62 .64 04 80 56 1.33 .01
62 .95 L 078 * 1.07 .00 036 064 ) v67 oll
63 . . .90 .61 1.40 .01
64 . .59« -.42 54 11
65 § 45 1.80 1.13 .02
66 .61 -.38 7. .67 11
67 / .07 1.64 .92 .01

- 68 S .25 .22 1.01 .02
69 . .07 71 1.12 11
70 - ‘ 3.21 2.31  1.01 100
71 3 | W17 . .15 1.14 .02
72 - . ’ .22 170 1.05 .00
73 . .97 -.82 .60 11

- ES
9 - /\
L3 E‘&
° Q
- ¢ " L
" el Q' B
q ° 7 .
62 4 ' - \ ()8
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3.4 Checking Model Assumptions

n

Checking on two model assumptions, unidimensionality and equal item
discrimination indices, with respect to the NAEP math booklets, was carried

out. The results will be presented rext. It was not'necessary to check

the level of test speededness because test items were administered ole at

a time to examinees and they were given sufficient time on each one to

a

provide answers. !

RV \

Checks on the uridimensionality of the math booklets were carried out

Unidimensionality”

with NAEP Math Booklet No. 1 for 13 year olds. A study of the eigenvalues

was ‘carried out with Black and White samples of 330 examinees. The samples

“

" were drawn at random from ‘the availaB@e pool of examinees taking the math

booklets The largest eigenvalues for each sample are ' presented in order

in Table 3.4.1. Comparable results from the Black and White samples .

were obtained: About 15% of the total variance was accounted for by the

first factor or component and the ratio of the first to the second eigen-

value was (approximately) 2.8 ?2f7'in'the Black sample and 2.9 in the °
. 2 f

White sample){ These statistics do not meet Reckase's (l979),minimal

¢ ’

criteria for unidimensionality. However, since his criteria are arbitrary

"

- and other goodness of fit evidence would beyavailable, the decision made

was to move on to other types of analyses.

3

Equal Item Discrimination Indices

T /'

Table 3.4.2 provides item difficulty and discrimination (biserial

coftelétions)vinformation‘for NAEP Math Bonlet No. 1 for 13 Year 0lds.

The: information is reported for six groups: Two Black and White samples

!Somewhat better results were obtained from an analysis of the total
sample (N=2422). About 17.6% of the vagiance was accounted for by the first

o

factor and the ratio of the first. to the second éigenvalue was 3.6.




L 2 / Table 3.4.1
| "Listing of the Largest Eigenvalues
for NAEP Math Booklet No. 1
b ' (13 year olds, 1977-78)
° : | ! /
. ‘ | Black Samplé ' White Sample
E N .
{genvalue _ “ / (N=330) N / (N=3§O)
Y 1 s 8.4 8.3
® 2 N 3.1 3.0
3 1.9 2.1
4 1.8 » 1.8
5 1.7 1.7
6 1.5 1.6
® . 7 1.5 1.5
8’ 1.5 1.5
9 1.4 1.4
10 o 1.3 , 1.3
- 11 |&- 1.3 1.3
¢ . 12 oy 1.3 ' 1.3
v 13 1.2 1.2 '
14 1.2 - 1.2
15 1.2 1.1
o 16 1.1 1.1 '
. 17 1.1 1.1
~ 18 1.1 1.1
19. 1.0 1.0
20 1.0 1.0
/ .
. \ % Varianc 14.4% A_’l‘5.2%

\
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Table 3.4.2 - ‘ :
. Summary of Item Statistics for NAEP Math Booklet No .1
. . (13 Year 0lds, 1977- 78) ‘
Item'DiEficulty Level ' A Item Discrimination Index
Item :
. Group! . ' ‘ -Group
: Black 1 Black 2. Black White 1 White 2 White Black 1 Black 2 Black White 1 White: 2 White
;' 1 .68 .68 .68 .88 .90 .89 .E0 .63 .61 .79 .81 .80 .. .
- 2 .82 - .84 .83 .93 .95 .94 .55 .4l .48 .38 .59 L46°
i 3 .88 .87 .. 88 .96 .96 .96 .57 .53 .55 .25 ..68 .48
41 12 .13 .12 .61 .65 .63 .66 .88 .77 .72 .70 .71
5 7 .39 .42 .40 W75 .66 .71 .70 .65 .67 .68 - -.66 .67
6 .34 .22 .28 Al A LAl n22 .26 .24 .59 .45 .52
7 .32 .27 30 44 .49 .47 o .29 .28 .29 .61 .43 .51
8 .63 .66 .b5 71 .14 .72 .26 .16 .21 .04 .41 .22 4
9 .19 .15 .17 .36 .30 . .33 .22 29 .25 44 .53 .48 b
10. .54 - .50 .52 .89, .84 - .86 .66 .58 .62 .53 .74 .65
11 | .85 .87 .86 .98 .98 .98 .78 .56 .68 .75 .68 .72
12 .84 .83 .84 .98 .95 .96 .80 .69 .74 .52 .72 .65
13 .63 .78 .81 .95 .97 .96 .72 .60 .65 .66 .88 .75
14 .82 .78 .80 .96 .96 .96 .70 .51 60 .65 .86 .75
15 .78 .74 .76 .96 .93 .95 .51 .59 .55 .61 .71 .67
I V- A 2 .77 .78 .90 .93 91 | 165 .59 62 .53 .56 .53
P 17 .50 .53 .51 .73 .78 .76. .32 .49 .40 .41 .32 .37
| 18 .06 .04 .05 .22 .16 .19 .76 .57 .68 .56 .36 47
MH~{ 19 | .33 .28 .31 ¢ .75 .70 .72 .77 .76 .77 .72 .69 .70
.o -20 .24 .25 .25 .67 .72 .69 .89 .88 .86 .82 .72 I7
‘ 21 '}2$ .25 .25 .62 .67 .65 = .81° .92 .86 .75 .69 .72
-~ 22 | .82 .86 284 ¢ .92 .96 .94 .52 .26 .40 .38 .84 .52
« 23 .36 .28 .32 .39 .39 AN .29 .12 .21 .40 .40 - .40
24 .22 .23 .23 .38 - .33 .35 .29 o 40 .35 45 .48 47
25 31 .30, .30 .58 .61 D9 .70 .61 .66 .58 .70 .64
Sample Sizes are as follows: Black 1 = Black 2 = White 1 = White 2 = 165; Black = White = 330.
[Kc_,?l., S - - . 72




Table 3.4.2 (continued)

e

_Zg_

Item Difficulty Level a Item Discrimination Index I
Item .
»  Group : Group
Black 1 Black 2 Black White 1. White 2 White " Black 1 Black 2 Black White 1 White 2 White
26 § .61 .61 . .61 .75 .73 .74 .18 .19 .18 .38 L42 .40
27| .02 .01 .02 .12 .10 J11 .13 .59 .23 74 .40 .58
28 .21 - 16 .19 .24 .18 .21 .17 .27 .22 .18 .22 .20
29 .05 .06 .05 »25 .19 .22 .45 .38 41, .54 .56 .55
30 .19 .24 .22 .52 .5% .52 .39 .60 .50 .59 .49 .54
31 .55 .56 .55 .78 .81 .79 .55 .59 .57 .65 .66 .66
32 .28 .32. .30 65 .62 .64 42 4l L4l .63 .49 .56
33 .24 .32 .28 A48 . 47 48 .51 .34 .41 .60 .56 .58
34 .85 .92 .88 .96 .97 .97 .31 .41 .35 .05 . .57 .28
35 .51 .53 .52 .74 .68 .71 .22 .28 .25 .50 .43 47
36 .29 .24 .27 .23 .15, - .19 .14 .07 .11 .00 -.07 -.02
37 .15 .14 .14 .39 42 .40 .28 .43 .35 .48 .36 . L42
38 .48 .51 .50 .87 .86 .87 .74 .82 A7 - .77 .87 .83
39 .56 .61 .58 70 .72 .71 .28 b .35 .46 .34 40
40 .33 . .33 .33 .72 .76 .74 .68 .64 .66 .67 .68 .67
41 .12 .10 11 .27 - .31 .29 .58 L.22 A1 .66 .46 .55
42 47 47 47 72 T .74 .73 .40 .54 47 .51 .61 .56
43 .46 .50 .48 .82 .79 .80 .50 L34 42 .52 .63 .57
44 A - .39 41 77 .76 .76 .68 .65 .66 .52 .36 44
45 .21 .27 .24 b .48 46 .66 47 .55 .53 .70 .61
46 .16 15 .15 .40 .38 .38 .42 .63 .52 .72 .51 .61
47 13 .08 A1 .08 .12 .10 .19 .03 .12 .07 .05 .05
48 .05 .08 .06 .19 .15 A7 .20 .16 .17 .68 .23 .48
49 .28 .29 .28 .56 ° .52 .54 .62 .62 .62 .58 w64 .61
50 B4 .73 .68 7 .90 .87 .88 B A 7/ .55 .52 .85 .69
o :

73
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Table 3.4.2 (continued)-
Item Ifem Difficulty Level o Item.biscriminatibn Index.
) Group ' . ' Group )
Black .1 Black 2. Black thite 1 White 2 White Black 1 Black 2 Black White 1 White 2 White
51 .12 .13 .12 .22 .21 .22 .03 .16 . .10 .26 .40 .33
52 .50 49 .50 .65 -~ .68 .67 .16 -.06 .04 ,.32 . .28 - .30
53 |. .70 .70 .70 .85 .83 .84 .33 .61 47 .49 . .39 .43
54 .55 .49 - .52 .79 .72 .75 .67 .56 .61 . .60 - .49 .54
55 .06 .06 .06 .32 .30 .31 .74 .65 .40 . .72 .58 .65
56 A48 .51 .49 .84 .71 .Z7 .51 .57 ’ .54' .43 .58 - .52
57 .08 .05 .06 .40 2 41 ¢ .87 .93 .89 .69 .62 .66
- 58 |+ .48 .54 .51 .85 .79 ~.82 .51 .48 .49 47 .76 .62
\-
0

_gg..
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of 165 examinees, and combined Black and combined White samples of 330

examinees. The results for the foyr smaller samples are reported here
although they were of mére importance for.aﬁ'analysis reported later. -
The discrimination indices obtained with thé Black'anp White samples fe-

veal two things: The item discrimination indices for the two samples are

comparable (average absolute difference = ,11; Black values were higher

22 times; White values were higher. for 35 items) although the White

- ©

values tended to be a little higher; and more importantly, there is

substantial variation among the item discrimination indices (.04 to .89
in the Black sample and -.02 to .83 in the White sample);
In a more complete analysis the following results were obtained:

~

Item Discrimination

. éample Test Indices!
Booklet Siz% Length Mean SD
Booklet No. 1, 9 Year Olds 2495 65 : .565 .260
~Booklet No. 2, 9 Year Olds " 2463 75 .565 .260
‘Booklet No. 1, 13 Year Olds ~ 2500 ﬂ.58 . .585 1250
Booklet No. 2, 13 Year Olds 2433 62 .615 252

\.
The results above show cleafiy that the.éssumption‘of equal item discrimination
indices is violated t; a considerable .degree. .This fiﬁding.is>not surprising
because item statistics play 6ﬁly a smali part iﬁ NAEP mathematics test
developmient, It wouiﬁ be reasonable, thérefore,‘to expect a‘Qider range of
values than might be found on a standardized achievement or‘aptitudg test
where iteﬁs with low discrimination indices are most likely deleted.

Therefore, it is reasonable to suspect thas the two-~ or4three-parame;ér

ICorrelations were transformed via Fisher's 7 transformation prior
to calculating the descriptive statistics. The mean is reported on the
covrelation scale. The standard deviation is reported on the Z, sqale.
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1
logistic mbdefs will provide a‘ﬁore adequate fit to the test results. -
E . This point,is'add;gssed in more detail in section 3.6.

.
A

3.5 ‘Checking Model Features

When an item response model fits a test data set, at least to an
adequaté degree,_two advantaggs or features are obtained: (1) item
parameter”éstimateé do né%gpependIUpon the samples of examinees drawn frqm
- the ﬁbpuiaCion of examinees fog wﬁém the test is designe& (i.e., item';
pafameter inyariance) and (2) expected values of ability ésti@ateé’do
not depend uéoﬁ the choice of test items. The extent to which the first

feature was obtained with NAEP math data will be presented next.

Item Parameter Invariance

£l

.4 The invariance of item difficulty estimates for Whites ana Bla:zks

with the one-parameter model was investigatgdfimitially.with Math Béoklet

No. 1 for 13 Year Nlds. Three hundred and thirty Black examinees were

® located oﬁ the NAEP data tape. All these examinees wére used in thé
.analysis. An equal number of Whité studég;s wéré selected at random

from the same data tape. Next, the Black and the White student samples
,(' were divided at random into two halves so that four equal-sized (N=165)
«§ : -

groups of students could be obtained. These groups were 1abelledm“Wh&§q“%;\
. . AN ¥

1," "White 2," "Black 1," and "Black 2." A one-parameter analysis, was

carried out with each group. ' The plots of "b" values in the two White

[~

and Black samples are shown in Figures 3.5.1 and 3.5.2. The plots show

high relationships between the sets of b values (r

e

.98). What varia-
tion there is in-the plots is due fo model-data misfit and éxaminee

' sampling errors. The plots provide a basis for investigating hypotheses
OLRiC - | 78
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Figure 3 5.3 Plot of b values for the one-parameter model obtained from
two equivalent white student samples (N=165).




. _ .
-2. 50 )& ' ~
\ X X R
N ____,/ ~
t i
\ X |
-3450 T —7 . =T T L )
\ ~-3. 50 ~2. 50 -1. 50 ~-. 50 .. 50 1. 50 2. 50 A.50
o - Ly
» \ \

¢

Figure 3.5.2" Plot of b values for

BOOK113 MATH - ITEM B VALUES

BLACKS GROUP 1
. . I‘
the one-parameter model obtained ffom

\EWo eQUivalgptlblack student samples (N=165) .

-

.\.




O

ERIC

Aruitoxt provided by Eic:

—

-

Y
8
—
-

.
2]

-68- - 2N
i -

~

concerning the invariance of item parameter estimates .If* the feature of
- - ‘ : . ' /
item invariance is presert, «similar plots should be obtained when the /
. N N - - . * /
- /
Black and White item parameter estimates are compared. Figure 3.5.3 rej/

I\ - .

veals clearly that item diffichlﬁy[estimates differ subslaﬁtg§lly in thé

first Black and White samples (r = .74). Figufe-3.5.4 prpvidés.a repif—

cation of the Black-White comparison of item difficulty estimates. The
plot of b values in Figure 3.5.4 is very éimilgr'to the plét in Figureé3.5.3

and both plots aiffeq substantially from the baselﬁhe plots shown in

°
.

Figure '3.5.1 and ? 5.2.

=

Figure 3.5.5 provides a plot of the differences in item difficulty

estimates between the two White and the two Black samples (r = .06). - The

o

item parameter estimates obtained in each racial group should estimate

the same -item parameter value if the feature of item invariance js obtained

!
“ i

(although the value may be differept in the two racial groubs)f

o -

' Therefore,

the expected differences should_be zero and tne correlation of these differ-

B

ences across the set of test items in these two racial groups should also
f 1" e

- - -

be zero: In fqgt, the cérrelatipn is very élose to zero. f@% the feature
of ifémsihvarianée is present it sﬁguld.exist for'any pai;ingsu;f.the data.
igure 3.5.6 shows that the correlation beéween b v;lue d{ffereﬁges i
the first and second Black and Whitelgaﬁﬁles is nbt.zéro %igﬁfacﬁ, £‘= 721y,
Clearly, item difficulty esﬁimétes obtained:with the one-parameter model are
not invariant -in the Black>and White e¥émin?evsamples. | .
The apﬁropriate conclusion seems to be that item iqvgriance\across tﬁe.

two racial groups is not obtained. However,

*

we stop short here of afltributfing

the problém.to race bias in the test items.y

B

There are at least twofothg P

<

:'plausible explanations: (1) the problem is due to a variable which is

-

.
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confounded with race (e.g., achievement scores/ability level - Blacks did
perfa}m subsﬁantially lower on the Math Booklets than Whites - see Table
3.4.2); and (Q) failure to consider other impdrtant item statistics such

as discrimination (a) and pseudo-chance level (c). With respect to (2),

in other words, the problem is due to model-data misfit. But whatever the
explanation it is clear that the feature of item parameter invariance is

not obtained.!

[

In a follow-up investigation with NAEP Math Booklet No. 1 with 13 Year
Olds, the examinee pool was split“into high and low performers (the cut-off
point was set at the median). Each group contained in excess of 1200

examinees. A one-parameter analysis was carried out with each group. Table

°

3.5.1 provides thrée difficulty estimates for each item: fotal group,
low ability group, and high ability group. Plots of the three pqssible
combinations are presented in Fig%resv3.5.7, 3.5.8, and 3.5.9.

4

The plots are not directly comparable with the earlier ones for race

because the sample sizes in this analysis are considerably larger. But,

again it seems clear-that item parameter invariance is not obtained. This
’ ¢ 2 ‘

time, however, item parameter’ invariance was not obtained acppss'high and
low ability scorers. Table 3,5.2 and Figures 3.5.10, 3.5.11 and 3.5.12

provide a similar analysis for“Math Booklet No. 2with 13 Year 0Olds and

o

again the conclusion is the same.
.

At least two criticisms can be made of the previous analyses summarized

in Tables 3.5.1 and 3.5.2: (1) there is no baseline data available for

\

interpreting the plots, and (2) no attempt is made to account for variation
in items due to their discriminating powel and pseudo-chance level. The

analysis described next with Math Booklet No. 1 with 13 Year Olds was

rUnfort;unat:ely the same analyses could not be carried -out with the three-

" parameter model because of the very small sample sizes. An alternate methed-

ology to handle the small samples was recently proposed by Linn and Harnisch
(1981).

. 8¢




“

Table 3.5.1

One-Parameter Model Difficulty Estimates for Total, Low,

and High Ability Groups for NAEP Math Booklet No. 1

(13 Year 0l1ds, 1977-78)

Ability Group

High

Total Low
J\ ~1,58 -1.47 -1.91
2 -2.45 -2.39 -2.64
3 -2.98 -2.88 -3.56
4 .45 1.00 -.08
5 ’ - -.19 . .06 -.54
6 '1.28 1.14 - 1.47
7 1.04 .89 1.26
8 -.48 -.84 .18
9 "1.59 ©1.25 1.90
10 -1.22 -1.03 -1.87
11 -3.01 -2.88 -4.02
12 -2.64 -2.53 -3.24
13 -2.46 -2.32 -3.33
14 -2.38 -2.25 -3.07
15 -1.97 -1.87 -2.364
16 -1.89 -1.93 -1.61
17 _ -.65 -.83 -.20
18 -« | 2,78 3.10 2.82
19 | -.05, .18 -.33
20 % .08 .58 -.64
21 s .27 .73 -.24
22 -2.60 -2.65 -2.23
23 1.25 .85 1.64
24 1.44 1.28 1.64
25 .47 .59 .45
26 8 -.67 -.83 -.25
27 3.13 3.10 3.27
28 0 2.13 1 % 2.68
29 .2.37 , 2.44
30 .77 .93 .74
31 -.76 -.67 -.89
32 18 .36 .03
33 .94 .79 1.16
34 - -3.04 -3.10 -2.59
35 -.28 -.42 .04
36 2.14 1.01 3.01
37 1.24 1.07 1.46
38 -1.00 -.79 -1.71
39 -.48 ~.80 .14
40 -.24 -.08 -.55




Table 3.5.1 (continued) . ' ;

P 8
: . S Abilty Grou)
o o Item ~ Total * Low High
41 —— 1.79 , 2.05 1.79
. 42 -.43 -.39 ~.42
. 43 -.99 . -.92 -1.08
® o 44 , -.37 -.39° -.21
: , 45 : .80 .85 .87 .
46 . ’ 1.37 - - 1.66 1.32
47 _ . 3.02 ©2.01 - 3.64
48 ’ 2.67 © 7 2.65 2.80
49 .59 .79 .50
® - 50 - -1.47 ) -1.42 ~ -1.50
' : - 51 : 2.40 1.73 2.83
52 ’ .04 -.40 .69
53 ) -1.31 -1.42 . -.91
54 © -.67" } -.63 -, -.63
-~ 55 1.91 : 2.52 1.83
o 56 -.62 ‘ -.59 -.56 o
57 1.54 2.33 1.33 _
58 t =77 -.71 -.80 S
o
' f
@ | . .
L ) -
Y !

88
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Figure 3.5.8
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Table 3.5.2

One-Parameter Model Difficulty~Estimates for Tétal,'Low,
and High Ability Groups for NAEP Math Booklet No. 2 ' »
(13 Year 01lds, 1977-79) . e

.- Ability Group

Ttem o Total ’ Low . High— T ©
S . .21 .21 .28
2 sy : TL72 .91 .63
3 -.22 .42 .14
4 -.45 -.63 -,09
5 _ A .43 .06
, 6 . » 2.52 - 2.80 S ®2.58
7 .57 : © .60 . .61
8 ¢ -3,23 -3.26 ~2.99
9 _ ~1.58 -1.36 -2.91 .
_ 10 . B ~1.51 -1.29 -2.73
. 11 -1.37 -1.16 - -2.36
) 12 ¢ , : -1.12 ' .-.89 - =1.97
13 i - -2.49 -2.41 -2.85
14 ‘ s 1.00 .75 1.26
- 15. 1.72 1.98 1.68
16 -? - -2.05 : -2.02 -2.06
7. - o ; . -1.58 ' -1.52 -1.76
18 -1.72 ' -1.64 -1.95
19 . ] -3.13 -3.25 ~2.48
.20 , ~3.12 ~3.12 . =2.98
- 21 ' . =2.96 - -3.06 -2.36
22 ©3.92 2.35 4,79
23 % -~ et 1,26 -~ 1.70 1.09 . ,
24 ‘ ’ .87 1.19 .70 -
25 - : R : .02 - .05 . .04 ‘
26 . . -=1.87 . T -2.23 _-.93
27 - .37 . " -.10 L .92- b
28 .2.06 1.96 L 2.17
29 -2.34 ~2.34 -2.22
30 2,660 2.78 ¢« 2.70 !
. 3L+ 1.67 2.05 1.59
32 - -.32. -,55 -.11
3e, 7 -3.01. -2.88 -4.01
34 -1.72 -1.70 ~-1.73
35 - 2.19 2.42 2,19 .
36 .13 17 .15
37 _ ~.32. C-.06 ~.78 -
38 e 1.44 ' 1.56 . . 1.45 -
39 .61 : .67 o .62
. 40 ' e .86 ” .98 .83
. _ ]
32




s

@ . . Table 3.5.2 (continued) . !
- ‘Q: : k] ; ’ -
R . -, Ability Group  , ’ . v
: Item . . - Total C i .
PS | a . T | High ]
41 : . -1.86 - =1.79 -2.12
42 -1.03 - - -.92 -1.32
. 43 . . -l.01 -1.01 -.93
- 44 , ’ -.67 =97 -.08
[ ) . .45 : - -.26 : -.36 . -.04
‘ : 46 B -1.25 o -1.19 -1.35
47 -1.18 = = -1.01 U ~-1.73
48 ‘ 1.91° 2.14 \\\\ 1.90
49 2.61 3.32 2.55
50 -.09 - .13 -.39
o 51 o L 1.57 C .54 2.32
, 52 ' . 2.60 : 1.90 " 42.93
53 .. , - 1.19 1.76 .96
54 -1.69 -1.80 -1.28
55 B : .75 - .66 .88 - 4
56 - , .62 -— 1.11 .26 -
® T 57 ' . ©3.00 1.78 3.64 - L
58 ! o 2.62 , 2,82 2.64 .
59 2.46 2.13 2.65
60 -.82 ‘ -.89 -..59
.61 -.15 -.28 . .80

2.26
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carried out to address the two defieiencies. A group of 2400 examinees was

found with the 1200 lowest ability students and 1200 nlé%est ablllty e

students. The (approx1mately) 22 middle abllltnyEﬁdenCS were deleted -

from the analysis. Next, tgg/ZQOO ‘examinees were divided on a random

P

basis into two. equél sub ~-groups of 1200 examinees. ~Each sub—group was

L

‘used to obtain one-parameter and three-parameter model item estimates.

Figures 3.5.13 and 3.5.14 provide the plots of b values in the two samples
obtained with the one- and three-parameter logistic “mcdels. ' The item
parameter estimates in the two samples with qither test model are nearly
identical. Thus, item parameter invariance across random groups issestab-
Lished. Neéext, the 2400 examinees were divided into two equal-sized low
and high ability groupé (again, N=1200) and the énalyses and plots carried
out with the random groups werg répeated. The results for the one- and
three-parameter models are reported in Figures 3.5.15 and 3.5.16 respec-

. o
tively. .

If the feature of item invariancewas present all fotur plots should have
looked the same. In fact, the plots in Figures 3,5.15 andi3;5:16“ére\suh1ﬂk
gtantially dlfferent from those in Figure 3.5.13 and 3.5.14. However, it ;s
not plausible at this time to.explain the differences in terms of a failure
to account for essential item statistics (i.e., discrimination and pseudo-
leQel) since the oneqpara;eter and three—parameter plots of item difficulties
for high and low ability examinees shown in Figures 3.5.15 and 3.5.16 are
similar. One possible explanation which remaiﬁs is that item parameter esti-
mation is not done very well(when extreme éroups are used.! Of course
another possibility is that the t?st items are functioning differgntly in

the two ability groups, i.e., item parameters are not invariant across

ability groups.

IThe close fit between the three-parameter model and several data sets
reported in section 3.6 suggest that this explanation is highly plausible.

97 .
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Tables 3.5.3 and 3.5.4 provide the resulfs frpm a different type of

-

analysis but one which seems promising for addressing item parameter in-

variance. It has become common practice to address item invariance by

conducting a statistical analysis of the b value differences between two
g .

groups of examinees (for example, Blacks and Whites). The problem is,
i . . . /
as was.stated in section 2.l% when the sample size is large, even prac-

tically Lnsignificant differences are often statistically significant. The’

method described next depends upon replication and practically significant
differenees. In'thié analysts, a practically signifieant difference of
intefest (referfed to as the crit;cal value) was selected (é.SO) and two

equal-sized Black and White examinee Sampfze wére divided into two equal-

sized sub-samples (N=165). A one-parameter analysis of Math Booklet No. 1

with 13 Year, Olds was carried out for each group. In Table 3.5.3 items

©

with b value differeunces exceeding .50 between either the first Black and

White sampleé,aor the secdhd Black and White samples, are shown. Twenty-
seven eF 58 items exceeded the critical value with the first samples; 25e

of the 58 items exceeded thg’ critical value with the second samples, TIf.
the dlfferencesbwere’due t; chance factors only, 20.0% of the test items
woeld be eredicted to be identified in both samples.: In fact, 59.2% of theg
27 items (16 items) identified'as different in the first samples

v

were identified as diffé%e;t in ;he second samples. When viewed in g
the other direction, 16 of fhe 25 items (or 80%) identified in the second
samples were also identified in the first samples.

Teble 3.5.4 provides the results of a replieation of the study with
Méth Booklet No. 2 for 13 Year Olde. Eighteen items were idegtified in
semple 1; 15 items were identified in sample 2; 13 of the items were common.

-

In other words, of the 18 items identified in the first samples, 72.2% were

R B 11}
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o ° ’
© =90-
P Table 3,5.3 o P
® . : y
Item Difficulty Differences in Black-White Samples
for NAEP Math Booklet Nao. 1!
(13 year olds, 1977-78)
. & .
' 0
: Item Black and White Samples (N=165)
. 1 o 2
Y , 4 1.40- - ' 1.55
® 6 -1.06 ,
7 .= .82 5 .
8 - .95 - .92
10 .86 .52
. ’ 11 - .99 | .61 .
® 12 g .80 X
13 . . 1.08
15 ' ' .65 : ) .
19 .69 ‘ , .70
: 20 .76 . .98
o 21 TL74
23, - : ~1.25 ~ .85
24 . TR - .59 . - .84 -
26 A - L - .58 ~ .69
' ¢ ’
. .27 , : : : : 1.54
o 28 ' -1.31 . -1.30
. 29 ' .59 . _
33 ' - .64
35 : ’ . - .63
. 36 -1.83 -2.15
@ ) 38 o .86 71
39 . T - .66 _ T - .80
40 : .51 , .83
43 ::. A -57
= 47, : ©-2.03 © -1.08 "
o © 48 e : : ‘ - .70 -
51 - .59 - .82
52 " | - .65 '
53 . - .51
55 o .71 .63
o 56 : 62 , :
‘ 57 : .86 , ~ .1.53
58 . ' <770 )
1Only items with a differépce zl.SO[ in one or both samples are reported.
.0 : - |
ERIC . 103




, Table 3.5.4
~ ltem Difficulty Differences in Black—White Samples
for NAEP Math Booklet No.y21 _
(13 year olds, 1977-78)" -

L
v . B i}
Iﬁem ' Black and Whité-Samples (N=220)-
! 2
. 4 , - .57 i
6 g .51 * _
9 - 1.11 ' .88
- 10 L 1.45 . v .66
11 .98 : L‘ .88
@ K : 12 : .86 : )
’ ‘ 13 - .70 o .
15 . .53
19 ' .62
20 - 1.27
: o ) : . &
® 22 - .. =2.03 . . =1.95
26 - .75 ’ -1.36
297 . . . .58 .49
30 .54 - .83
35 -~ . 1.03 .76
50 ’ .62 - .62
e 51 . -1.33 -1.18
53 ) .63 .94
57 -1.84 -1.54
61 - - .84 . T~ .65
o . ‘ 1Only items with a-dffferénce 2J.SOI in one or both samples are reported.
g
®
104
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ideqtified in the second sémples; and of :the 15 item$ identified,iﬁ the

second samples, 86.7% of the items were identified in the first samples. .

Tf chance factors only‘wcro operéging,'about 7% of the items would be expected
tu be coﬁhonly identifiedfin the two samples (15/62 x 18/62): Clearly, it can-

not be argued that item invariance across the two groups is present when the

-
S -

b values are estimated using the one—pa%ameter-logistic Fe;t quel.

The method described above seems like a ermiSing approach for address-
. , 'Y - .o .
ing the problem of item invariance. And,bkrom one point of view, it really

~doesn't matter what the causes of the differences are. The fact is that

- -

item invariance is not found across a Variable that can be gsed to'descfiBe -
the examinee population. It would be misleading therefore to offer dnly .
a single set of i;em statistics. While not investigated here, commgnly
identified items-c@ﬁ be édditionally studied to attempt to detect the source

[

of the problem(s). At this stage, directions of any observed differences

can be also investigated. e ‘ _ .

P
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3.6 Checking Additicnal Model Predictions = % : e .

This. section of our work is divided inta two parts: Residual Analyées,
i . - . - . Y %
and Research Hypothesis Investigations.

3

Residual -Analyses

-

.

To carry out residual analyses with Math Booklets Nos. 1, 2; and 3 for L

. ‘ - )
" ¢« 9 and 13 Year 0Olds it was mecessary to prepare a computer. program. A

) . listing and sample output of our program-is presented in Apptandix B. . The
program was prepared to be compatible with the item and ability parameter
gr

estimation output from LOGIST. The progfam provides both residuals and

Le N [l

® ' standardized residuals for each test .item at various ability levels (the .

number is selected by the user). (Twelve ability 1eVe1$ were chosen in

\ . : . »

our investigatioh.) In addition, fit statistics are avaJiable for each

L

) test item (found by summing over ability levels), for each ability level
(found by, summing over test items), and for the total test (found by summing
v
over ability levels and test items). 1 ,f\u\
o " A eample set of standardized residuals for Wath\Booklet No l with
13 Year 01ds! obtained with the one—parametér model are shown in Figures
. . r" .

3.6.1 to 3.6.11. Two features of the plots in the»fﬁg%res (and other plots

_. we qtudled) are the cyclic patterns and the large size of the st_andardlzed

residuals. Itemapatterns like those}id Figures_3.6.l, 3.6.3, 3.6.4, 3:6.5,

and 3.6.10 were obtained for items with relatively high biserial correla-
e . tions. Item patterns like those in Figufes 3.6.6, 3.6.7, 3.6.8, and 3.6.9

were obtained for items with reiatively low biserial correlations. Also,

the standardized residuals tended to be high.. 1In Table 3.6.1 it can be

o . C
© ) o seen that (approximately)25% of the standardized residuals exceeded a
. M N \
o value of 3 when the one-parareter model was fit to t?e test data. This o
lStandardized residual plots for items 1 to 10, and 36 .are shown in .

the figures. .

1og -
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result was obtained with 6 test.booklets. If the model data fit had been

.

good, the distribution of standardized residuals would have beeﬁ approxi-

mately normal. _
The standardlzed re51dual plots obtalned from fitting the three-

parameter model and shown 'in Figures 3.6;12'to'3.6.22 reveal dramatically

i

.

different patterns. wThé’cycli'{‘: patterns which were so evident in the

. a

f{rst eleven figures arg gone,and the sizes‘of the standgrdized residuals o o
.
o Y . .

'.

 are 5ubstan£ia11y smaller., 4 X : : " : .

CR] mc

Aruitoxt provided by Eic:

4 . T

. Tab Te 3. b 1 pr ov1d‘e"<-*‘““a complete-summary—ot f—the—-distributions-ofe - PSR

o~

‘standardized residuals obtained with the one—»and'three—parameter models

for six Math-Booklets. In all cases the standardized residuals are con-L

.
. N

siderably smallef with the three-parameter model and the’distributions are

approximately normal.

Table 2.6.2 feports the average rawlgﬁd absolute-valued standardized

o

! _ .
resﬁdualsl'at 12 ability levels with- the one- and three-parameter models for the
'sami six Math Booklets. Again, the results in this table reveal the

I3 s - .

Hupfriority of the ch;ee—parame;er model. Also, it is clear that the

three-paraméter model is especially -effective at low levels of ahility.
\ ' ) ) o L 5 o
,\¢Research Hypotheésis Inﬁestigations ) -

¢ - . .
The*residual analysis results in the last section were most inter— N

k]
estlng but it seemed de51rab1e to 1nvest1gate the misfit statlstlcs

furﬁher.‘ Tables 3.6.3 to 3. 6.6 provide the basic 1nformat10n we worked

with" for fout - of the Math Booklets. ' ’ : L8

K

1The average raw standardized residuals provide information abqut the
size and dlrectlon of the misfit between the observed results and the ICCs.
P + -

< .t -
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Table 3.6.1 ' : ey

Analysis of Standardized Residuals witn the One-
and Three-Parameter Logistic Models for Six 1977-78 NAEP

4.' ' - Mathematics Booklets
NAEP . _Logistic . ~+ Percent of Residualsl.
, Booklet . Model [0to 1] |1 to 2] |2 to 3] |over 3|
® _ .
Booklet 1 1 35,9 . 21.5 17.3 25.3
. (9 Year Olds). 3 66.7 24.4 6.7 2.3
, ‘Booklet 2 1 37.1 25.3 13.8 23.8
e - (9 Year 0lds) 3 674 24,7 5.7 . 2.2
Booklet 3 -~ 1 %00 23.4 15.4 21,1
(9 Year 0lds) 3 ' 64.0 24,8 - 8.0 © 3.3
. 1 . . .
® " Booklet 1 1 40.7 22.1 16.5 20.7
(13 Year 01ds) 3 " 65.4 25,1 7.8 1.7
Booklet 2 - I 42.6 24,2 16.3  16.9
(13 Year 0lds) 3 : 67.2 26.1 5.7 I.1
- . Booklet 3 - 1 . 34.3 24,5 . 17.5 23.7
o .
x (13 Year 0lds) 3 61,0 26,8 . 8.2 4.0
\f ) 3 o . . ( -
- ' 1At the 9 Year Qld Level, there were 780 standafdized>residuals
(65 test items x 12 abjlity levels). At ‘the 13 Year 0ld Level, there
® ' were 690 standardized residuals (58 test items x,12 ability levels).
. B ho]
1S
i
@
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,~.~. \ b ) y
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, - Table 3.6.2 \
' 0 A ’ . N
. Analysis of Standardized Residuals at Twelve Ability Levels-with-the One- ‘
i and Three-Parameter Logistic Models for Six 1977-78 NAEP Mathematics Booklets
) RAEP  » 're‘“snl . . Logistic Sapple \ Ability Level Total’
Booklet “ Length:  Statistic  Model Stze -2.75 2.25 -1.75 -1.25 -.75 =-.25 .25 .75 1,25 1.75 2.25 2.75 (unweighted)
. . PR 'd, . . N .
Booklet-1.. 65 1 2495. 27 43 111 220 . 331 485 446 395 276 . 122 21 8
(9 year olds) ™ 3 2495 29 500 108 - 212 333 454 470 403 - 271 100 21 97
Average .
Residual 1 AT : 7 .99 .89 .79 .37 .20 .14 -.28 -.,26 =-.39 -.11 -.10 .25
. 3 ‘ .00 .24 .27 12 .16 .04 - .08 -,18 -.48 ~.36 -.32 ~-.16 .05
Average / ) . i -
. Absolute ,/ ) ]
Residual 1 " 1.75 7 2.40 2.82 3,35 2,35 1.80 1.62 2.35 2.64 2.40 1.19 .85 2.13
’ ’ 3 .8Y - .90 1.02 .74 1.00 .94 .62 .87 ' .99 .85 .91 .88 .88
s Booklet 2 75 . 1 2463 10 46 . 116 236 B34 437 474 397 2712 87 .39 7
T : (9 year olds) 3 2463 23 64 89 218 346 417 497 403 230 107 34 R —
. Average . R S
Residual 1 .60 .74 58,71 _.2B.-—.01— 027 =14 -.02 .08 -.05 .02 .23
3 M=l 02 .34 .50 .19 -.03 ~.18 -.,23 -.05 -.16 .01 .01
o -Average - .
e e T Absolate . . . .
Residual 1 . 1.55 2,42 3,02 3,10 °2.28 1.49 1.59 2.36 2.75 1.71 1.31 .75 2,03
©3 .84 .95 .83 1,05 1,02 .9 1.04 .8 1.01 .87 .90 ..33 .90
d .
'ERIC ‘. , \
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B Table 3.6.2 (continued)
Jot
NAEP Test . Lopistic  Sample o : : Ability Level s N Total
Booklet Length  Statistic Jlodel CSize 2,75 -2.25 -1.75 -1.25 -.75 -.25 .25 .13 1.25 1.75° 2.25 2.75 . (unweighted)
- < ' . . " ] : . . - N N N
Booklet 3 68 1 2438 29 44 120 174 326 410 533 446 186 89 44 9
(9 year olds) 3 L2438 28 62 - 108 177 283 438 319 410 219 88 .- 29 9
Average N - - . .
Res!dual 1 .84 .57 .60 47 -.01 -.04 .04 .30 .09 =09 =-.,22 -.03 .19
w 3 % .3 -.02 '~.22 -.55 =-.50 .01 .37 .39 .34 .09 .09 .06
Averuge .
Absclute . o
Residual 1 2.20 2.13 3.04 2.69 2.07 1.25 2.06 2.61 1.97 1.49 1.23 .95 1.97
3 ©, .9 ‘o1 1.01 .97 1.03 .90 .97 .95 .90 1.18 .95 .64 .95
.‘ A A
Booklet 1 .58 ) 1 2422 W sa 81 224 325 503 463339245 102 4 3 7
(13 year olds) 3 2422 24 50 . 114 194318 440 509 368 248 90 32 11
. : Average e T - X . R
. Residualo - —F—7 T .67 .88 .66 33 .03 .25 .40 .17 -2 .07 .1l--.09 .28
o — .3 -.02 .08 06 ~-.07 .07 .27.-.20 =.22 =.59 -.03 -,12 -.43 -.10
- Average ' ’ B . . -
2 Absolute ] . y ‘ ’
Residual 1 & 1.76  2.59 2.74 2.64 2.20 1.63 1.68 2.08 2.06 1.62 1.30 .67 1.92 :
3 1.27  1.02 97 .84 .76 .92 ,.79 .84 1.07  .B4 86 .99 93 \
e 1, ,
. *
, . . - ‘|
1 3 7 s -~ '
J- . .
) e . 1 34&
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1
. ¥

T NAEP Co Test

=2.75

.25

Ability Level

-1.75 -1.25 -.75 ~.25

2125

Total RN
(unweighted)

20
15

.90

-.03

2.08
.76

12 .

.24
.45
.49

1.50
1.25

39
45

.92
.17

1.90
.79

38

¢ 53
.74
.08

J42
.94

118 241 308 447
121 230 334 429

1.06 .67 .14 —%05
.13 .22 .03 10

.

2,98 2.69 1.64 1.79
.87 .82 .81 1.0S

96 2157, 400 . S40
106" 203. 328 462
.18 .56 .28 L3
.06 .27 .23 .01

2.97  3.34 2,718 2.01
1.29  1.05 . .87 1.03

1o

"1.00

.26 .
-.03

|
v &
:,810" |O

kooklet Length Stutistic
: A \
] * " Booklet 2 62
| " (13 year olds)
| ’ A Average's
o . * Residudl
Average
. Absolute
o Residual
. Lt
Booklet 3 - I
(13 year olds) ]
Average
Resfidual
Average
Absolute
Residual
- s
;
. W v )
Q ]_E}”
Hmiiﬁiﬁﬂ‘ ’ - ' A

2.75
22 10
2 11

-.03 -.01

-.12 -.13

.13
.69 .70
51 8
38 8

-.01 .10
.36° .13
.97 .84
.99 .68
&
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Table 3.6.3 '
| NAEP Math Booklet No. 1
- ___Basic Ttem Statistical and Clagsificatory Information -
‘ ‘(9 year olds, 1977-78)
o Test ,;“/Scan"dafdized Residualsl Ttem " Teem Content Format?
: [tem” 1-p 3-p Difficulty? Discrim¥nation> ‘ Cutegorv4 ' ©
o " 1.27 0.62 .55 : 62 3 1
C2 .73 0.60 . 47 . .69 3 1
_ 3 1.27 0,85 .55 .65 1 1
o 4 3.50 2.24 91 .34 2 1
5 2.28 1.57 .89 . .39 2 1
6 3,26~ 1.08 70 © .33 2 1
7 2,00 . 0.88 .12 - .37 2 2
3 0.59 0.82 ’ .33 .56 2 2
® 9 1.73" 0.63 .46 47 2 1
. 1 1.53 0.63 . .39 .65 5 1
11 2.18 0.79 .89 .77 4 2
12 2.03 { 1.01 .84 7 .75 4 2
13 2.45 - 0.84 - .88 .80 4 2
° 14 2.35 1.73 .73 .76 4 2
15 2.61 1.06 .81 .80 4 2
l B 4]
1A, 3.05 iy 2.16 , .75 .79 4 2
17 - 3.20 1.00 .46 e 3D 1 1
' 18 0.49 - 0.59 - . .81 o .59 1 2
® 19 0.86 .1.30° .85 .51 2 1
20 0.85 . "0.73 .63 .63 4. 2
21 2.35 0.48 .40 .75 4 2
22 2.26 ' 0.74 .20 .60 5 1
S 23 1.84 0.65 .53 .62 1 1
o 24 2.50 0.58 .82 - .79 4 2
—75 N\ 1.55 ( 0.86 o .40 .68 4 2
. q R :
1-p = one-parameter jogistic model; 3-p % three-parameter logistic model.-
. 2 X . S
“Trem difficulty = proportion of examinees in the NAEP sample answering the
test ftem correctly (N = 2495). 7 )
,BTtem discrimination = biserial qprrelation between Zitem and tae totalﬁtéég
scorce.
@ ‘ .
I
*Content. Categories: 1 - Story Problems, 2 - Geometry, -3 - Detfinitions,
4 - Calculations, 5 - Measurement, 6 - Graphs and Figures. \
o 5l"ormat: 1 -~ multiple choice, 2 - open response. ‘
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Table 3.6.3 (contiﬁued)

. e NAEP Math Booklet No. 1 s
) : Basic Item Statistical and Classificatory Information
(9 year olds, 1977-78)

e o b e — U

e T

1 Item Item Content

Test -Standardized Residuals . Formats
» Item 1-p 3-p Difficulty Discrimination Category
@ —
. 26 2.64 ~0.88 . .49 : 77 4 2
27 1.85 0.86 .68 . .71 4 2
28 - 1.08 . 0.94 .36 .63 4 2
v 29 1.41 : 0:40 .77 .69 4 2
: 30 2.67 . 0.88 .68 : .78 4 2
e ' .
» .31 1.92 0.99 .69 .72 6 1
32 4.48 1.33 .03 .14 3 1
33 4.92 0.69 N9 14 3 1
34 1.12 0.92 .64 .54 5 1
35 v 0:3;>mv 1.13 , +80 .62 6 1
PY .
36 A4 1.10 - .65 .67 4 2
37 1.25 0.56 .09 .60 4 2
38 1.33 0.84 .94 .43 3 1
39 3.53 n.,72 .20 .26 1 1
40 4.00 0.58 .17 422 4 1
® ,
41 2.26 1.12 .20 .73 1 2
42 0.69 0.38 .17 .57 4 2
43 1.22 0.58 .02 ‘ .61 4 2
L4 1.10 1.10 .01 .59 4 2
. 45 3.55 0.87 .29 .28 5 2
L , -
- 46 1.72 0.60 .36 .51 4 1
47 2.63 1.11 .54 .40 5 1
48 1.18 0.61 .83 .67 6 1
49 2.36 0.93 .29 .50 6 1
50 4.38 . 0.47 .66 .27 1 1
® .
51 4.18 0.69 .25 .21 1 1
52 5.51° - 0.88 .35 .19 9 2 1
I 53 3.19 0.66 .09 .22 2 1
54 2.67 0.97 .09 .31 2 1
55 0.58 0.65 .01 i .49 6 2
o : ' N
56 1.43 0.68 .12 .64 1 2
57 1.51 '1.16 .48 .53 2¢ 1
58 1.11 0.91 .24 . .53 2 1
59 2.32 ‘& 0.44 .28 .48 2¢ 1
. 60 0.99 078" .21 .51 1 2
o , . :
Y % | 1.54 0.92 .10 .53 . °5 2
62 1.46 1.47 .85 .60 ¢ . 3 2
63 1.53 . . 1.17 ' L48 . .67 4 2
64 1.16 . 0.53 . .35 .49 2 1
A5 . 3771 0.94 © .27 w24 3 1
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i Table 3.6.4

© 7/

® NAEP Math Booklet No. 2

— Basic—ixem Statistical_and Cla351£1catory_ln£o:mat1on

(9 year olds, 1977-78)

® Test Standardized Residualsl Item Item Content For ats
%ﬁtem ~1-p 3-p . Difficulty? Discrimination3 Category4 orm
1 3.27 0.67 .77 .31 3 1
2 3.20 0.64 .78 31 3 1
" ' 3 0.73 0.90 .92 .60 4 2
' 4 1.50 ‘ 0.77 .87 ‘ .70 4 2
5 1.38 . 1.27 .88 [ .65 4 2
6 1.35 1.22 .78 .67 4 2
. 7 1.67 0.96 - .86 71 A 2
P 8 1.44 0.88 .82 .70 4 2
Py .9 2.39 1.16 . .59 .76 4 2
10 2.57 0.79 .60 : .76 4 2
11 2.87 0.65 ° .50 .78 4 2
12 2.34 . 0.79. .50 .74 4 2
°® 13 0.94 0.59 .08 : .46 2 1
14 1.00 0.83 .37 - X .58 1 1
15 1.19 S 1.31 .73 .57 6 1
. 16 1.31 0.71 . .57~ .63 6 1
17 1.03 0.77 .74 .64 4 2
P 18 1.06 0.73 .73 ; .65 4 \, 2
19 1.59 1.06 .56 .68 . 4 h 2
20 1.31 ©9.99 .14 .56 1 R
21 1.77 0.55 .63 .71 6 1
22 2.17 1.01 .57 .72 6 1
P 23 2.26 ~1.06 .39 .71 6 1
\ 24 1.18 0.67 296 .68 3 1
25 0.83 0.790 .96 .60 3 1
ll—p = one-parameter logistic model; 3;p = three-parameter logistic model.
. 2It:em difficulty = proportion of examinees in the NAEP sample answering the
test item correctly (N = 2463).
N K3
3It:em discrimination = biserial correlation betwéen item and the total test
* score. ¢
L

4Cont:ent: Categories: 1 - Story Problems, 2 - Geometry, 3 - Definitions,
4 - Calculations, 5 - Measurement, 6 - Graphs and Figures.

SFormat: 1 --multiple choice; 2 -~ open response.
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Tabie 3.6.4 (éontinued) o

: NAEP Math Booklet No. 2
L X ‘ Basic Item Statistical and Classificatory Informatlon

(9 _year olds, 1977-78)

Test Standardized Residua: sl Item ~Item Content Fe 5

L ) Item 1-p . 3-p Difficulty2 Discriminat ion3  category® ormat
26 1.10 0.69 .97 .68 3 1
27 0.67 0.69 - .94 .52 3 1
28 0.74 0.84 .92 .56 3 1
29 4.80 0.70 .19 .18 5 1
Py 30 2.87 0.77 .20 32 5 1
31 1.03 0.91 .25 .60 4 2
32 & 1.67 0.96 .27 1 .66 1 2
33 1.87 1.03 .49 .69 3 2
34 1.83 1.09 .52 .69 3 2
o 35 1.66 .13 . .47 .67 3 2
36 3.16 0.82 .39 .34 2 1
37 0.63 0.69 T .84 .60 2 o
38 1.20 0.61 .19 47 2 1
39 4.43 1.i8 .25 .21 1 1

® A 40 ©1.72 0.94 .63 - .70 4 2
41 2.29 0.66 .40 .73 4 2
42 2.58 0.74 .72 .78 4 2
43 2.98 1.09 .56 ' .81 4 2
Y 2.58 0.65 T g .79 4 2
® 45 2.40 0.73 46 .75 4 2
46 2.44 0.88 .19 - .37 2 1
47 1.51 0.81 .90 42 1 2
48 1.09 0.54 .75 .66 3 2

49 1.11 1.23 .50 .63 3, 2
o .+ 50 0.60 0.75 .41 .55 3 1
51 3.39 0.83 .80 .27 5 1
52 $2.29 0.76 .71 .76 3 1
53 1.96 D.45 .50 .64 3 1
54 2.67 1.43 A .45 3 1
o " 55 3.89 0.64 .25 .25 1 1

) N

56 2.25 " 0.89 .54 .43 1 1
57 2.61 0.52 Y .41 1 1
58 0.67 0.56 .66 .60 1 1
59 1.14 , 0.80 .50 .61 1 1
® 60 1.40 i 1.25 . .23 .52 4 1

o
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Table 3.6.4 (continued)

o | . NAEP Math Booklet No. 2 '

Statistical—and "1aSSLflﬂaLory—laie;ma@iom, @

(9 vear olds; 1977-78)

Qo "~ Test ,Standardized’Residualsl Item Item Content AF%‘ natS
v Item 1-p 3-p Difficulty2 Discrimination Category“ 7
61 - 4.08 5.44 .88 o .13 2 1
N 62 3.07 0.73 A .35 2 1
63 4.76 0.56 : .21 . .16 3 1
(] 64 5.88 0.84 .14 .06 3 1
: 65 4.63 0.54 .25 .19 3 - 1
66 0.81 0.66 .12 .45 4 2
67 1.68 1.78 .26 ' .50 1 2
- 68 0.82 0.48 .01 .54 2 2
{ J 69 2.15 1:.05 .49 .42 1 1
70 2.63 0.94 .08 .22 1 2
71 1.65 0.67 06 - . .35 2 2
” 72 "1.21 0.63 .04 - ..58 . 4 2
. 73 1.76 0.83 - .34 A 5 2
® . 74 0.59 0.99 - .39 .57 6 2
75 2.66 0.74 .34 .35~ 5 1

A
P

v
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/
Table 3.6.5 .
/- ' NAEP Math Booklet No. |
o . . Basic Item Statistical and Classificatory Information
(13 year olds, 1977-78)
Test \Standafdized Residuaisl Item Item Content . ForﬁatS.
® Item I-p . 3-p Difficulty? Discrimipation? Category" '
I 1.47 : .84 .85 .70 | 2
2 .68 44 ) .93 ‘ .61 3 1
°3 .71 - .85 : .95 .62 3 1
4 3. 11 v1.94 .52 _ .81 5 2
) 5 1.74 . 89 .65 - .72 4 ]
6. 1.80 .96 .36 .48 2 ]
7 1.70 .64 .40 .49 2 1
8 3.80 . 147 : .70 7 .29 2 1
9 2.13 .72 .30 .43 1 1
® 10 1.59 .64 ) .81 : .72 © 5 1
1l 1,47 .86 | .95 . .75 ) 2
12 1.47 1.31° .94 .74 2
13 : 1.61 1.1l © .93 .75 2
: 14 1.21 77 ' .92 .70 2
® 15 . .97 .88 . .89 . : .66 2
16 SR 1.39 .88 | .58 - 4 2
17 1.86 .98 .73 47 5 1
18 .96 .83 ' 4 . .54 | 2
S19 L2042 1.42 262 ’ .75 4 2
® 20 ) 3.30 ' 42 . .59 .84 4 2
21 3.08 .53 .56 ' .82 4 2
22 .68 .48 : .93 .46 3 i
23 2.85 .71 .36 .38 3 1
24 1.88 .89 .33 .48 3 i
® @ 25 1.15 .98 .52 .64 1 2

}y-p-= one-parameter logistic model; 3-p = three-parameter logistic model.

_ 2Item difficulty = proportion of examinees in the NAEP sample answering the
® test item correctly (N = 2500).
3 - z . - - i N ' . - )
, 37tem discrimination = biserial correlation between item and the total .
test score. ’

“Content Categories:

: Story Problems, 2 = Geometry, 3 = Definitions, 4 = Calculations, 5 Z Measurement,
Graphs and Figures.

o
[TEINEY)

5Format:
I £ multiple-choice, 2 % open response.

O

“
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Table 3.6. 5 (contlnued)

NAEP Math Booklet No.. |
o . Ba51c Item Statlstlcal and Cla551f1catory Informatlon
’ (13 year olds, 1977- 78,

“

4

A Test Standardlzed Re51dualsl s Item * Item : Content " Format?
@ Item 1-p 3-p Difficulty? Discrimination3 Category"
26 ©2.32 46 .73 L4 2 i
27 1.06° .81 : .10 .51 2 . 1
28 4.62 - .77 .22 .18 2 2
, 29 92 77, .18 .57. 5 2
® 20 1.92 .83 46 .60 1 1
31 .80 - .73 L74 . NIA 2 1
32 . 2.06 1.56 .58 .64 1 1
33 ' 1.13 64 42 .49 1 1
. 34 .75 .56 .96 .46 2 1
) 35 2.36 : 1.87 - .66 A 2 1
36 7.08 1.19 : .21 -.01 o 1 1
37 1.36 .66 7 .37 _ 47 -2 ]
38 ©2.63 .67 .78 .80 3 1
39 3.37 .73 .70 .36 3 1
® 40 .72 . .85 .66 .70 1 1
41 1.16 .96 .27 .62 3 1
42 .60 ' .93 .69 . .60 2 i
43 .87 .81 .78 . .60 2 i
44 1.58 . 1.93 .68 .59 4 2
® 45 Co1.16 1.62 , 45 .61 4 2
46 2.01 .90 : .34 - .63 I 1
47 4.63 .98 L1 v .10 2 1
48 1.69 1,11 .15 .48 3 1
. 49 1.20 .83 49 .64 4 2
@ 50 .77 .80 .84 C62 1 1
51 3.30 .57 8 TL27 1 I
52 5.03 .96 .60 .26 1 . |
53 1.37 .31 .82 , .45 2 1
54 1.19 1.19 .73 © .63 4 2
o 55 1.83 .83 .25 .68 6 2
56 ‘ 49 .74 .72 .59 , 1
57 2.48 .95 | .31 , .73 5 2

58 .83 .71 .74 .62 4 2

-
Tos
‘?
| S
w
()
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Table 3.6.6

s NAEP Math Booklet No. 2
o . Basic Item Statistical and Classificatory Information

{13 year olds, 1977-78)

’

Test. Standardized Residualsl Ttem Ttem ‘ ) Content 5

. ) F a

@ Ltem l-p - 3-p , Diff.iculty2 Discrimination3 Categoryl* ormat
1 1.01 1.06 .58 .60 b 2
o 2 1.13 0.85 .48 .67 b. 2
v 3 2.39 1.74 .65 y .53 4 2
: %/; 1.92 0.72 .69 .50 1 1
o ¥ 1.49 . 0.86 ©.57 ‘ .69 3 1
6 0.87 1.03 .18 .55 2 2
7 1.00 1.15 .51 - .63 5 2
8 0.56 0.53 .96 .58 1 2
. 9 2.25 0.52. . .85 .84 5 2
% 10 2.33 0.62 .84 - .84 4 2
11 ’ 2.20 1.31 .82 .84 4 2
12 2.11 0.56 .79 : .82 4 2
13 0.93 0.67 ‘ .92 .68 2 - 1
14 2.17 0.92 .42 .48 4 1
® 15 1.20 1.02 - .30 .61 2 1
16 0.71 0.61 .89 .66 4 2
17 0.79 0.55. .85 .69 4 2
18 0.93 0.51 .86 v .70 4 .2
19 1.00 0.77. .95 o .50 . 4 2
) 20 0.99 0.94 - .95 .. .68 b 2
21 ©1.13 0.76 .95 .56 4 2
22 6.17 1.14 .06 : _ -.07 - 2 1
23 1.77 0.66 .38 : .74 T4 2
: 24 1.57 0.71 .45 .74 .4 2
® 25 - 1.12 1.20 : -6l°_f .63, -4 2
11—p = one-parameter logistic model; 3-p = threé-parameter logistic model.

2Item difficulty = proportlon of examinees in the NAEP sample answering the

o - test item correctly (N = 2433).

3Item dilscrimindtion = biserial correlation between item and the total rest
score. '

_. : AConteht Categories: 1 - Story Problems, 2 - Geuometry, 3 - Definitions,
4 - Calculations, 5 - Measurement, 6 - Graphs and Figures. :

Format:. 1 - multiple choice, 2°- open response.
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’ . - Table 3.6.€ (continued)

_ NAEP Math Booklet No. 2
Ba51c Item Statistical and Classificatory Information

o (13 year olds, 1977-78)
E Standardized Residuals! Item Item - Content. . oS L
Item " 1~p 3-p Difficul«}g2 Discrimination3 Category4
. . . : Ry
3 5 '
26 3.45 1.00 .88 .24 -2 1
27 3.63 0.89 .55 C .36 2 1
28 3.24 1.48 24 .49 1 2
29 0.62 0.90 91 - .59 1 ¢ 1
30 1.07 1.25 .16 .54 1 2
| ‘ ‘ , ‘
31 1.54 0.67 .30 .67 3 1
32 . 3.03 0.99 .67 44 3 1
033 1.05 0.33 .95 77 3 1
P 34 0.74 0.62- .86 .65 1 1
: 35 1.02 1.16 .22 ©.57 1 2
@ _ _ , )
36 0.74 0.55 .59 .64 6 1
37 2.20 .. 0.65 .67 77 6 . 1
38 1.53 0.70 134 .61 6 1
39 0.62 0.60 .50 .64 4 2
. 40 1.46 0.76 .45 .64 1 : 1
o' - ) -
41 0.85 0.70 - .88 .69 4 2
42 1.80 1.69 .78 .73 4 2
43 0.81 0.79 .78 .59 1 1
b4 .3.61 0.80 .73 .37 2 1
45 1.64 0.76 .66 .53 1 1
o . .
: 46 1.08 0.77 81 ' .68 1 1
47 1.36 0.62 .80 .76 1 1
48 1.24 0.84 - .26 65 3 2
49 1.83 0.36 .17 .68 3 2
50 1.51 1.06 .63 , .72 3 2
. . : -
: 51 6.21 1.28 .32 .17 2
52 2.99 0.65 .17 .32 2 1,
53 2.13 0.51 .38 . .75 1 2
54 1.23 0.69 .86 .55 2 "1
55 1.05 0.53 , 47 .56 2 1
o o , '
56 2.41 0.89 .50 .80 1 2
57 6.38 0.76 .13 ‘ .10 1 1
58 2.53 0.78 & 17 .56, 6 1
_ 59 3.57 1.19 .19 4507 6 1
60 1.12 0.64 <75 .56 6 1
P ) : :
61 - 1.06 0.92 .64 .58 b 2
62 1.71 10.83 29 b0 4 2
. ' 1 . - ' . )
&Cnic | = ?
ERIC - - . - 145
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"Our initial prelimiﬁéry studies are reportéd in Figures 3.6.23 to

625 ‘F—i—g&r—e—Bré—.—Z—?ns-Hews——t&h-e—rr‘e-l-at-irbrrshifp‘—b'etweeu ome=paratieter > —

model residuals and classical item difficulties. The -outstanding

-

features are the large size of the residuals aﬁd the tendency for the -

most difficult items to have the highest residuals. Possibly this

o

latter problem is due to the guessing behavior of examinees. 1In a similar

. plot with three-parameter model residuals shown in Figure43.6,24, the o .
’ standardized ‘residuals are substantially smaller and it appears that by o T
estimating item pseudo-chance level parameters, the tendency for the

highest residuals to be obtained with the most difficult items is reduced.

e L 4
2 Figure 3.6.25 provides a plot of one-parameter model standardized

residuals and classical item discriﬁination_indices for four of the Math

Booklets combined’. A strong curvilinear relationship is evident.. Items

with relatively high or low classical discrimination indices have the

higﬁest standardized residuals.s Figure 3.6.26 provides the same plot '
usingvthree—parameter model standardized residuals. The curvilinear
_.relationship disappéarsa Substantially better fits afe obtained when

variations in discriminating powers of test items are handled in the

. chosen model. , v ' .
o i K
Figures 3.6.27 and 3.6.28 provide comparable information to.the

o . ' - ' .

previous two figures except that the latter two figures use the informa-

tion from 4 single test booklet. The trends in the results are identical.

w

[‘El{l(j Pt ‘ . . ) : 1f4(3

Aruitoxt provided by Eic: .
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These initial analyses were encouraging because they provided several
insights into possible reasons for item misfit. Next, a more comprehensive
analysis oﬁ the test items was initiated. Seven different analyses were

carried ou# on four of the test booklets. In _addition, the analyses were

carried out on a combined set of Math Booklets.

Math Booklet ‘ Tables
No. 1, 9 Year 0Olds 3.6.7 to 3.6.13
No. 2,.9 Year Olds 3.6.14 to 3.6.20
No. 1, 13 Year Olds 3.6.21 to 3.6.27
No. 2, 13 Year Olds 3.6.28 to 3.6.34
Combined 3.6.35 to 3.6.41

By combining booklets and obtaining more test items it. was possible to more
clearly study the trends in the results.
Since the trends in all of the analyses at the Math Booklet level are the

same, only the results for the combined Math Booklets will be discussed further:

Table 3.6.35

. Intercorrelatlons among five key variables.

1. There is a high negative correlation (1<~ 61) between one-parameter stand-
ardized residuals and classical item discrimination indiceés. 1 The result
suggests that the poorest fitting items Sre the least discriminating.
Perhaps this is due, in part, to examinee juessing behavior.

2. The most difficult test items are the least discriminating (r=.41).
Again, perhaps the result is due to examinee gﬁesii:g on-hard test items.

3. There is a substantial correlation (r=.49) between™item format and
classical item discrimination indices. Open-ended Eé\t items tend
to have higher discrimination indices than do multiple-choice items.
Again, it is noted that guessing is a factor in multiple-thoice test
performance but plays almost no part with open-ended testbgfags.

4. The higher one- parameter model residuals are ‘associated with t;\\multlple-
"choice test items; the lower one-parameter model residuals are assodlated

with the open-ended items. = \\\

lThis correlation is misleading because the actual relationship between
the two variables is non-linear.
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. . : Table 3.6.7
. . ) o '
o Correlations Among Several NAEP Math Item Variables
(Booklet No. 1, 65 Items, 9 Year Olds, 1977-78)

Variable . \
o :

SR(1-p) SR(3-p) p r .F}
Item Order .05 -.19 —46 -3 -.06
Standardized v /
PY Residual (1-p) “ .16 -.11 -.60 -.34
N Standardized . )
Residual (3-p) o .35 .03 .02
frem Ditficulty (p) ' ‘ ' 43 .02 '
‘. Item Discrimination (r) o ' - ‘ . .57 By
Format (F)
. .

. 11=Mu1tiplc—choice; 2=0Open-Ended. . ®




Table 3.6.8

Association Between Standardized Residuals
and NAEP Item Contemt'CIassificntions
(Booklet No. 1, 65 Ttems’, 9 Year Olds, 1977-78)

Standardized Residuals

Number , 1-p . 3-» i
Content of +  SR(£1.0) SR(>1.0) . SR(£1.0) SR(>1.0) ﬁ
~ Category ltems % (n= 8 ) (n=57) (n=48) (n=17) \

" Story Problems 10 20.0 "~ 80.0 90.0 10.0 '

Ceometry 14  14.3 85.7 64.3 35.7

Definitions 7 0.0 100.0 71.4 28.6 \» :

Calculations 23 8.7 91.3 69.6 - 30.4

Measurement 6 - 0.0 100:0 83:3

Graphs and 5 ©40.0 60.0 80.0 20.0
!

- Figures

d.f.= 5




—
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' K ‘ .Table 3.6.
o , . ) qu]e__ 6.9

ASSOciution“Between Standardivzed Residuals . ' . e
’ and Item}Formats .
(Booklet No. 1, 65 Items, 9 Year Olds, 1977-78) -

o r ‘ ‘tdndardi;ed -.' l-p Rresults 3-p Results
ormat Residuals N % N A
~Multiple-Choice " SR(%1.0) 2 3.1 26 40.0
@ : : S
SR(>1.0) 32 49.2 s 12.
Open-Ended - SR(51.0) -6 9.2 - 22 33.
o -, ‘ :
: SR(>1.0) 25 38.5 9 13.6
1’ x= 1,62 x*=.049
| - o d.f.= 1 p= .203 d.f.=1 pd .825
. o /7
j
@
L
o
o v . .




Table 3.6.10

Asséciation Between Stapdardized Residuals
. and Item Difficulties
- (Booklet No. 1, 65 Items, 9 Year Olds, 1977-78)

Difficuléy  Standardized 1-p Results 3-p Bésults

I

Level . Residuals N - P4 i N %

PY Hard (p<.5) SR(£1.0) 4 6.2 32 49.2

) SR(>1.0) .33 50.8 5 7.7

® Easv (pz.5) , SR(<1.0) 4 6.2 16 24..6 .

SR(>1.0)




. \ 5
8 Table 3.6.1].‘ V\\\ i
. \
Association Between Item Formats\ '
and Item Difficulties i &
(Booklet Wo. 1,- 65 Items, 9 Year Olds, 19]7-78)
Difficulty |
Level 'Fo;mat N P
: |
. ' \
Hard (p<.5) Multiple-Choice - 20 - 30,8
. . ‘ ‘\ .
Open-Ended 17 26.12
A
Easy (p>.5) Multiple-Choice 14 21.5
Open-Ended 14 21.5
o= .005 }
1
=1 p= 942
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i : )
o _ ~ Table 3.6.1‘24 ) : ' ’
o ] _ Descriptive Statistical Analysis of

Standardized Residuals
(Booklet No. 1;,65 Items, 9 Year 0lds, 1977-78)

_ o " Number 1-p Results- 3-p Results .

Difflcul ty ' : Of V . V . "v 2 y
Level ’ Format - Items ' A - SD X . SD

. i \ » . . . . »
L, fiard (p<.5) Multiple~Choice 20 "2.84 1.31 .78 .23
 Open-Ended 17 1.55 .79 .80 . .23

o

Easy (p2.5) Multiple~Choice 14 - . 1.98 1.09 1.03 .46

Open-Ended 14 1.95 .74 1.01 48
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© Table 3.6.13

@
Relationship Between-Item Discrimination Indices
% cand Standardized Residuals )
. (Booklet No. 1, 65 Items, 9 Year Olds, 1977-78)
® . e o
Standardized ) Discrimination Indices - 4
Model Residuals - -.01 to .30 .31 to .50 .51 to .70 .71 to-1.00
| 7 (oot (13) ( 29) (13
® " 1-p 0.00 to 1.00 . 0.0 7.7 24,1 0.0
1.01 to 2.00 0.0 . 30.8 72.4 15.4
over 2.00 100.0 61.5 3.4 84.6
. 2
. k = 42.24 . d.f.F 6 p:.OlO
Eta=.743
[ ,
3-p 0.00 to 1.004 90.0 69.2 75.9 61.5 }
_ 1.01 to 2.00 10.0 23.1 24.1 ~ 308
. B ) .
- over. 2.00 0.0 7.7 ‘ 0.0 » 7.6
) 5= 4.76 d.f.= 6 p=.575
- Eta= -
° 2 \
INumber of test items appear in brdckets,
®
o .

169




- Table 3.6.14

» Correlations Among Several NAEP Math Item Variables
(Booklet No. 2, 75 Items, 9 -year Olds, 1977-78)

= - A
¥ . v \
¥

' - Variabyle

SR(1-p)  SR(3-p) p r\ pl
- 3 ' : ' R b\

Item Order .19 .08 -.51 - b4 =09 -
. Standardized. ' ' \\_ i
o Residual (1l-p) 17 -.26 ~.60 =27

Standardized . : B

Residual (3-p) . .15 . -.19 -.01
° Ttem Difficulty (p) } -40 'O\g

o Item DiSC%imination (r) o ' -4;\

Format (F)

}1=Multiple-Choice; 2=Open-Ended.




‘Table 3.6.15

5| .
Association Between Standardized Residuals
I
2

and NAEP|Item Content Classifications

(Booklet No.!2, 75 Items, 9 Year 0lds, -1977-78)
. | .

Content
Catégory

h

SR(<1.0)

(nﬁ 12)

Standardized Residuals
Number ‘ S
~ of
Items

l-p
SE(>1.0)
(n= 63)

SR(<1.0)
(n=§7>

.\\\\\
SR(>1.0)
(n=18)

3-p

Story Problems

B

N

eometry

\
\

Definitions

Calcdlations

Measurement

Craphs and
o PFPigures

v
i
i
}

15. 76.9

i

33. 88.9
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S T T
Table 3.6.16 N
o '
Association Between Standardlzed Residuals T
- - . "and Item Formats - .
- (Booklet No. 2, 75 Items, 9 Year Olds, 1977-78) ) P
o , » F nﬁat: Standardized l‘—p Results A 3-p Results
: e ' Residuals  , . X L% N % .
; - B o o E ‘I . ! ¢
Multiple-Choice SR(<1.0). 8 10.7 32 42.7 A
o : ' o . SR(>1.0) T 32 42.7 8 10.7
£ ' A ' ° ' -
LY o . ) , )
Open-Ended SR(<1.0) - 4 =*5.3 25 .33.3
.. v - LN A
SR(>1.0 31 | 41.3 10 13.3
) ( ) - \/ .
’ ) K= .482 sx®=.358
. d.f,=1 .487 f.=1 p=.551
) a , “
X
o
N o -
PY | .
' 4
a \ . ' \.
T s b .
. .
: : / .
.‘\s
E-J h 16‘ j‘




.
PE)

Table 3.6.17 ' .

s om

. Association Between Standardlzed Residuals

and Ttem Difficulties : . -
. '(Booklet No-. 2, 75 Items, 9 Year Olds, 1977- 78)
Difficulty Standardized "1-p Results 3-p Results .
Level : -Residuals - N % N % -
Hard (p<.5) T USR(<1.0) ., 67,80 o 31 41.3
. SR(>1.0) 34 45.3 9 12.0
Easy (p2.5) | . SR(21.0) . L6 8.0 26 34,7 °
SR(>1.0)- . R 29 ©.38.7 9 12.0
' . x*= 0 . x%= .003 L
o 4 d.f.= 1  p=1.00 d.f.=1 957
| ' :
| 3
2 \ J
- o . " - J \/ ” £ . N
. @ .
¢ 9
7

P
L
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o \ Table 3.6.18

Association Between Item Formats
and Item Difficulties

(Booklet No. 2, 75 Items, 9 Year Olds, 1977-78)

L ,
Difficulty
Level ‘ Format N %
® ‘Hard (p<.5) fultiple—Choice 23 30.7
Open-Ended o 17 22.7
o . L |
Easy (p>.5) Multiple-Choice 17 22.7
Open-Ended N 18 24.0
o \“
x4=.293
o
' d.f.=1 p=.588
o .
“ 1)
L
\
@
. .
3 3
165




e D - /

PY ) : ' Table 3.6.19

Déscripcive Statistical Analysis of
‘ Standardized Residuals
(Booklet No. 2, 75 Items, 9 Year Olds, 1977-78)

® . Number 1-p Results 3-p Results
: Difficulty of _ B
Level Format Items X sDp 4 X . SD
* . 7 g /«
/
@ Hard (p<.53) ﬁultiple—Choice 23 2.69 1.47 / .81 .25
% /
@pen-Ended 17 1.67 .68 / .89 .31
- ”j
° | '
| .
Easy (pz.5) Multiple-Choice 17 1.81 1.04 1.15
Open-Ended 18 1.72 .91 .20
&
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¢ Table 3.6.20 .
Relationship Between Item Discrimination Indices
and Standardized Residuals
(Booklet No. 2, 75 Items, 9 Year 0Olds, 1977--78)
) on T —= - oTmis .. - ekl gl
Standardized Digcriminagion Indices
Model Residuals -.01 to .30 .31 to .50 + .51 to .70 .71 to 1.00
( 9! (18 ) ( 34 ) (14)
L 1-p 0.00 to 1.00 0.0 11.1 29.4 0.0
' 1.01 to 2.00 0.0 27.8 70.6 14.3
over 2.00 , 100.0 ' 61.1 0.0 85.7
o . L2 |
x?2 50.77 d.c =6 b= 000
Eta= | 74¢4
o
3-p 0.00 to 1.00 77.8 . 83.3 73.5 71.4
e . 1.01 to 2.00 11.1 16.7 26.5 28.6
over 2.00 - 1.1 0.0 0.0 0.0
x2= 8.78 d.f.=¢ p=.186
o Eta= .114 : \ '
"Number of test items appcur’;n brackets, ‘
o
Qy
®

"Elgi};‘ ' | " o .l(3P7
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. Correlations Among Several NAEP Math Item Variables
. (Booklet No. 1, 58 Items, 13 Year Olds, 1977-78)
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Table 3.6.21

Variable

SR(1-p) SR(3-p) ) T F!
|
Item Order .06 -.03 \ -.27 -.20 ~.09
\
Standardized : )
Residual (1-p) .16 -.38 -.57 -.09
Standardized
Residual (3-p) -.03 .05 .27
Ttem Diffibulty (p) .41 .08
Ttem Discrimination (r) .46
Format (F) R
l1=Multiple-Choice; 2=Open-Eaded. )
. | ;

N
(o

co



Table 3.6.22

-153~

Association Between Standardized Residuals .. = .
and NALP Item Content Classifications ’
(Booklet No. 1, 58 Items, 13 Year Qlds, 1977-78)

B

" Standardized Residuals

o Figures

Graphs and

.

Number : 1-p 3-p
Ccontent of SR(%1.0) SR(>1.0) SR(£1.0) SR(>1.0)
Catepgory Itens (n= 13) (n= 45) (n= 45) (n= 13)
Story Problems 14 21.4 78.6 85.7 14.3
Ceometry 14 28.6 71.4 85.7 14.3
Definitions 9 33.3 66.7 88.9 11.1
Calculations 15 13.3 86.7 53.3 46.7
‘Measurement 5 20.0 80.0 80.0 20.0




Table 3.6.23

) ¢
. Association Between Standardized Residuals
and Item Formats .
(Booklet No. 1, 58 Items, 13 Year 0Olds, 1977-78)

Format Standardized 1-p Results 3-p Results
© ‘Residuals N % N %

Multiple-Choice . SR(<1.0) 9  15.5 31 53.4
SR(>1.0) | 27 46.6 .5 8.6
. Open-Ended SR(<1.0) 4 6.9 14 241

S SR(>1.0)




Table 3.6.24

Assoclation Between Standardized Residuals . i
and Item Difficulties '
(Booklet No. 1, 58 Items, 13 Year Olds, 1977-78)

Difficulty . Standardized 1-p .Results 3-p Results
Level . : Residuals’ N % N %
° Hard (p<.5) | SR(<1.0) 2 3.4 19 32.8 ¢ -
- SR(>1.0) 20 3.5 3 5.2
° Easy (p>.5) _' SR(<1.0) 11 19.0 26 46.8
SR(>1.0) | 25 43.1 10 17.2
‘ Vo= | T2 g
X =2.49 x2=.862

@z

p=.115" d.f.=1 p=.353
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® . : Table 3.6.25 \
Association Between Item Formaﬁs" \\

o and Item Difficulties
(Booklet No. 1, 58 Items, 13 Year Olds, 1977-78)

A Dif ficulty
' Level -Format N "
o Hard (p<.5) Multiple-Choice 15 - 25.9
o ‘ : '
| Open~Ended 7 12.1 ’
o Easy (p>.5) Multiple-Choice 21 36.2

Open-Ended ' ' 15 25.9
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‘n - T Table 3.6.26

.
[

Descriptive Statistiecal Analysis of
Standardized Residuals

(Booklet No. 1, 58 Items, 13 Year Olds, 1977-78) g
° T — . ,
: . Number 1-p Results , 3-p Results
Difficulty o © of ) _
Level Format ltems X - 5D X S
~
e Hard (p<.9) fultiple-Choice 15 2.38 1.60 .84 .19
- R Open-Ended 7 1.88 - 1.33 .94 3140
° | «
* Fasy (pz.5) Multiple-Choice 21 1.72 - 1.21 .84 .38
: Open-inded 15 k $-73 .83 1.09 .45
o .
@
@
[y
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' &
L Table 3.6.27
L. 7 Relatlovaan Between Item Discriminstion Indices
' and Standardized Residuals .
.. (Booklet No. 1, 58 Items, 13 Year Olds, 1977-78)
. : _t'f‘k, L LTI T oL Nl IT.LIoIToUL LT LTI oT e L LI LI I I rTorIT I T IT LI LI
SLnndurdi:bd . Discrimination Indives *
Model Residuals. - =.0l to .30 ° .31 to .50 .51 to .70 .71l to 1.00 °
( p) - (1s) . (26) (11)
® 1-p 0.00 te 1.00 ' o.? 13.3 42.3 0.0
. Y ° -
e . 1.01 to 2.00 : . 0.0 53.3 "~ 50.0 _ 45.5
over 2.00° , 100.0  33.3 7.7° 54.5 /‘ ?
o ) ' 5 : ,
A= 26.9 d.f.= 6 p=,000
Eta= .628 o ; N
° .
3=p 0.00 to 1.00 66.7 _ 86.7 ¢ .80.8 63.6
L , 1.0l to 2.00 - 33.3 13.3 19.2 36. 4
over 2.00 _ _ 0.0 0.0 - . 0.0 0.0
x4=2.51 d.f.=3 p=.474
o _ g Eta=.208
: - . et

T

1 . . .
'Number of test items appenr in brackets.
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. _Table 3.6w2% e
@ . , . .
o Correlations. Among Several NAEP Math Item Variables
(Booklet No. 2, 62 Iﬁ@ms,—l3 Year 0lds, 1977-78)
1 .
_ 7 : .
\ iable : N .
® aria b SR(1-p) SR(3-p) P T F!
Item Order ? .21 -.13 -.29 -.16 -.29
» Standardized . : :
o Residual (1-p) - 29 -.43 -.71 -.31
Standardized )
*Residual (3-p) ' - -.24 -.29 .17
Item Diffidulty (p) ‘ s :38 .07
e - - | - ; o
Item Discrimination (1) )

" Format (F)

- .". :
l1=Multiple-Choice; 2=Open-Ended.
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. Table 3.6.29 &
° Association Between Standardizéed Residualks | ™\
and NALEP [tem Content Classifications S e
(Booklét No. 2, . 62-Items, 13 Year Olds, 1977-78)
@ y : A - - =
C - Standardized Residuals .
' , Number R 1-p _ 3-pe .
Content of SR(<1.0) ~ SR(>1.0) : SR(<1.0)  S8R¢>1:0)
Categgry Items  (n=15) (n<47) ° (n=47)  (n=15)
® : .
" Story Rroblems 15 . ° 26.7 73.3 o~ -80.0 20.0
. Ceometr <11 . 18.2 81.8 63.6 36.4
' . 3 | ’ L . -
Definitiohs . i 0.0 100.0 . . 85.7 . 14.3
) ' 4 .
; - .\\ . . . -
- . Calculations 22 " 31.8 s "68.2 77.3 22.7
. a . | ‘\ t . i | | {
i : K : ‘
: Measurement‘k i 1 100.0° 0.0 . - 0.0 . 100.0
Craphs and .\ - 6 - 16.7 83.3 83.3 . 16.7
'@ Figures . . .
E 4TS
p=..259 d.0.=5 S p=.4b]
° R
v {
4 ) ‘
{ i ; -
® _ j S F
> . V’\A\“ﬁ - e —-
. ,b
o . '
s 1 76 ' J




i s -161- \
o o ., Table 3.6.30
' . * Association Betwegn Standardized Residuals . /
. - and Ttem Formats ' _ /
) : (Booklet No. 2; 62 Items, 13 Year Olds, 1977-78) ./
- . \ : — : __-_...7'.1___
‘ ;g‘ e o Standardized ~ 1-p Results 3-p Result/'é
. Format . " Residuals S 7 \ [;,» 14
s N - e
5 ] N 0 ] ' - ““7’3
% i . . )
Multiple-Choice 'SR(51.0) 5 8.1 26 41.9
/. N ) . : . .
4 N o SR(>1.0) 25 40.3 4 6.5
. . '\ . - ' ’
e
Open-Ended = © 3R(<1.0¥ - 10 16.1 21 339
-, \‘ . . — .
o : . PSRGLOY L, 22 s 1 7.7
) T yE=1.09 x4=2.67
. : d.f.=1 . 'p=.297  d.f.=1 p=.102
®: - - - - -
b, \
. X / .
’ £l i
D \ . E 7

r
o »
% .
- \ 3
v -~
v
< -
jad -
-
' N -
.
'
-
-
"
A .,
o .
: -
1
5
.
-
. O
:
©
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. Table

’

3.6.31

'

'J‘*{ |

A ASbOletlon B;tween Standardléad Re51dualb
: : .-and Item Difficulties e
(Booklet No., 2, 62 Items, 13 Year Olds,.l977J78)
- b : NI Y
Diffjeulty . Standardized ‘ l;p Results °, 3-» Results
Level . . = Residuals TN % N %
. Lo had A 2 - .
- ‘f . ™ !
. . -d'n . : : H". S ; ;;
Hard "(p<.5) .7~ SR(<1.0) 2 . 3.2 &7
-/ ’ ‘ o e - SR(>1.0) 23 37.1 8
. ¥
' /} " < N
Easy (p>.5) = e SR(<1.0) 13 21.0 30
' ¥ $R(>1.0) ; 2% 38.7° 7
) =4.60 x3=.77
° d.f.=1 032 d.f.=1
[ . ¢
ol b" ) ? a e
/
}) . “
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o | Table 3.6.32 . s
Association Between Item Formats ' .
. and Item Difficulties L
(Booklet No% 2, 62 Items, 13 Year Olds, 19]7-78)
4
Difficulty
Level Format N %
o ' Hard (p<.5) Multiple-Choice 12 19.4
vOpen-Ended 13 21.0
o , i \
I . ,
@ ! . | |
o Easy (p>.5) Multiple—Choice - 18 a 29-0 o
by
Open-Ended 19 . 30.6 o
' ‘X2= 0@ )
| d.f.= 1 - p=1.00 .
L
°.
L | "
®
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o o \_ Table 3.6.33 | .
A T Desdriptive Statistical Analylsis of '
/ i\ Standardized.Residuals
(Booklet No. 2, 62 Items, 13 Year Olds, 1977478)
\
@ . : | !
| - \. . Number l_i?p Results Y 3-p Results
Diff’icu]}‘ty x.‘ of | N _
Level . Format Items | X/ SD \ X sD
’ | |
r ‘ ] |
, Hgrd (p<.5) Multiple-Choice 12 3-0;;"7 2.06 ‘\ .87 .24
[ \
7 Open-Luded 13 1.59 72y .86 .31
o e _ )
P N S \
Pt ; , _ .
Easy (pz.5) . MultipleiChoice 18 1.71 1.046 | .74 .16 :
Open-Ended CT19 . 1.36 .62 ° |91 .38 .

¢
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o
o Table 3.6.34"

Relationship Between Item Discrimination Indices
and Standardized Residuals

T (Booklet No. 2, 62 Items, 13 Year Olds, 1977 78)
‘ | ) \

e == - : :
Standardized ’ Discrimination Indices °
Model Residuals -.01 to .30 .31 to .50 .51 to .70 .71 to 1.00
( 4} (..9) . (36 ) (13)
o 1-p- 0.00 to 1.00 0.0 11.1 . 38.6 0.0
1.01 to 2.00 0.0 T 11.1 55.6 46.2
over 2.00 ~ 100.0 77.8 5.6 53.8
® = 34.40 d.f.= 6 p= .000 " .
Era= .666 .
o
3-p 0.00 to 1.00 50.0 77.8 77.8 76.9
° 1.01 to 2.00 50.0 22.2 22.2 - 23.1
over 2.00 ; 0.0 ' 0.0 0.0 0.0
, x%= 1.56 d.f.= 3 p= .669
° ‘ Eta= -158 .
"Number of test items appear in brackets. N
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Table 3.6.35

/

(Booklet Ng.:1 and 2, 260 Items, 9 and 13 Year Olds, 1977-78)

Variable

. Format (F)

SR(1-p) SR(3-p) p r ¥l
Item Order. _ A _ — -_
- Standardized
Residugl (1-p) .18 .30 ~-.62 -.25
- . ~
Standardized
_Residual (3-p) . .09 .07
[tem Difficulcy (p) .04
Item Discrémination (r) ° .49

1 .
I=Multiple~Choice;

2=Opeh—Eﬂded.

e
¢O

*
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PY ‘ Table 3.6.36-

’ Assobiation Between Standardized Residuals
and NAEP Item Cohtent Classifications
(Booklets No. 1 and 2,.260 Items, 9 and 13 Year Olds, 1977-78)

e Standardized Residuals .
Number - 1-p e ) 3-p . - 3
Content of SR(x1.0) SR(>1.0) SR(<1.0) SR(>1.0) i
Category Items (n=48 ): (n=212) _ . (n=197) (n=63)
. . >
Stery Problems 52 21.2 78.8 o 82.7 17.3
Geometry 48 22.9 77.1 -~ 75.0 25.0
o .
' Definitions 42 16.7 83.3 78.6 21.4
Calculations 83 . 15.7 84.3 69.9 30.1
® ,
Measurement 17 11.8 88.2 82.4 17.6
Craphs and . .
o Figures 18 . 22.2 77.8 72.2 27.8
° o : .
x%= 2.08 X°= 3.65
d.f.= 5 , . p="838 d.f.=5 ‘p=.602
@ St - - —
¥
L 3 ; ‘
@
. -
Q o o . ‘ - 183 i

y
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Table 3.6.37

Association Between Standardized Residuals

3 and Item Formats
»(Booklets No. 1 and 2, 260 Items, 9 and 13 Year 0lds, 1977-78)

[

s T

Standaraized

Format ’ nl—p Results 3-p Results
orma Residuals N A N %
Multiple-Choice SR(£1.0) 24 9.2 115 44,
SR(>1.0) 116 4h . 6 25 9.
—l - .
° : Open-Ended _SR(<1.0) 26 - 9.2 - 82 31.5
SR(>1.0) 96 36.9 38 - 14.6
| 2o | 2
. X°=.186 ‘ X“= 5.98
d.f.=1 p= .666 d.f.=1 p=.015
@ - . : .
[ )
® - ,
L - ) .
8
@ &
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® . Table 3.6.38 : : .

o

Association Between Standardized Residuals
and Item lefLLulth

\\ (Bookfets No. 1 and 2, 260 Items 9 and 13 Year 0Olds, 1977-78)
e " — -
| R Difficulty ) Standardized 1-p Results 3-p Results
, . " Level C Residuals N % N %
Hard (p<.5) - ' dSR(fl.O) 14 . 5.4 99 '38.1
SR(>1.0) 110 42.3 25 9.6
Easy (p>.5) SR{<1.0) 34 13.1 98 37.7
SR(>1.0) | 102 39.2 38 14.6
” . po= 70210 W= 1,74

a.f.= 1 p=.007 d.f.=1

-

—
ve
-
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Table 3.6.39

Association Between Item Formats

and Item Difficulties
(Booklets No. 1 and 2, 260 Items, 9 and 13 Year Olds, 1977-78)

€ D‘iffi‘culty
Level Format %ﬁN y
v . o ) /}

oy it
RN

Hard (p<.5) Multiple-Choice 70 26.9

Open-~Ended i 54 20.8

o ) Easy (p>.5) Multiple-Choice 70 . 26.9

_ Open—-Ended°




Table 3.6.40

Descriptive Statistical Analysis of
Standardized Residuals

(Booklets No. 1 and 2, 260 Items, 9 and 13 Year Olds, 1977-78)

: - . Number l1-p Results
Difficulty . of o - B
Level - Format ‘Items X SD P
Hard (»<.5) Multiple~Choice 70° 2.73 1.55- - . .82
Open-Ended 54 1.64 .81 .86 .28
Easy (pxz.5) Multipie—Choice 70 . 1.29 . 1.10 .90 YA

Open-Ended
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- Table 3.6.41 - : A,' .
. Re]acionshiP Between Item Discrimination Indices i
. ) and Standardized Residuals . '
(Booklets No. 1 and -2, 260 Items, 9 and 13 Year Olds, 1977-78) \ i
. - Standardized .Discrimipation I_ndices. ,
‘Model Residuals -.01 *to .30 .31 to .50” .51 to .70 .71 to 1.00
(29 )! = (55) . (125) ( 51)
1-p 0.00 to 1.00 0.0 10.9 33.6 0.0
1.01 to 2.00 0.0 32.7 62.4 29.4
over 2.00 100.0 56.4 40 . _-70.6
XA_.._. 143-7 ¢ d.f'.= 6 p= 0
ELa: .691 “op
- 3 ""
3p 0.00 to 1.00 . 75.9 80.0 76.8 68.6
1.0l to 2.00 20.7 18.2 23.2 29.4
- . ‘ £ n
over 2.00 3.4 1.8 q’r:\ 0:0 2.3
‘ ;o= s d.f.276 L p=.508
Eta= -092 - - R
QINumber of test items appear in b‘racket’_s‘. . . )
c ' % - ' ‘»:
» « ¢ ; )
- . A
4
‘ ) .0 “
. @ . ' o . . e
158 .
. * v‘ ~ 2 T




o B o o ‘ ; _ -173-

. Table 3.6.36 Z
JG\‘:- ]
® . e Relationship between standardized residuals and cohtent categories.
z -
a 1. 'The pattern of standardized re91dua1% is the same across. content

categories. Misfit statistics. for.both the one- and three- parameter
- models clearly are unrélated to the content of the test items. Of
o . course, the standardized. residuals are substantlally smaller for the
. : . ' three-parameter model. - .

o

Table 3.6.37 - ,/ - ’ .

I 4 .o R

— N

) ° Associat{gh-between stahdardizeeresiduals and item formats. It
® T ’ ) . seemed useful to know whether the pattern of misfit statistics
Co for multiple-choice and open- -ended test items was the, same with

the one- and three parameter models. : - P :
;:}\1

1. The pattern,of misfit statistic$ with the one-parameter mo is about
. the same with the two item formats. Residuals were eomewhat larger
P E with multip]e-—chf‘, ice itemsT
; . T 2. The pattern of mlelt statlstlcs w1th the three parameter model was
> also about the same for the two. item, formats. Somewhat surprisingly
the resilts were a little poorer with the open- -ended items. One

: congecture is that. the c parameters were over estimated.!

' Table 3.6.38 )
v .. ® Associations between standardized residuals and item difficulty. «w -4
® " 1. The one-parameter standardized residuals were substantially higher
for diffipult items than for eaSy items. . .
” o w .
. 2. The three-parameter %tandardlzed re51duals were unrelatcd to item
difficulty. « .~ : o
\ t , ‘ : ’ ) e lv
° s N
. ? Table 3.6.39

- - . . - . -

- - .'Association between item formats.and item difficulty.
, . ,

A

1. There were approx1mate1y the sﬁme number of hard and easy fest items, -
® © ' and the dlStI‘lbuthn of items iti.each format for hard and-easy items
) . was about, the same. .There were a few more easy open -ended tedt items
than hard _open- ended test items. ”
: o .
. 1The problem was likely ‘due to our failureftobdesignate some‘test items
. ‘ as "opén-ended" when running LOGIST. '

® - ) . . n
. " ’ N A .

‘EMC SR e v _ A 189 .

R . o . . o>
[Acuroxt providea [ . 9 " !
P s e » . . - , S
: . : .. - - .
L o v , \
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‘ _  Tabl: 3.6.40 .

v N : < hd

® Analysis of standardlzed residu ls for 1t§%s organized by . -
dlfficulty and format . : A ) o . ‘

1. Hard multiple-chqice items had substantially larger re51duals when fit
by. the one-parameder m~del than easy items in either. format, ot hard ST
4tems in open-ended\formati This result suggests'that the problem is )
due to a failure to'a ‘count for gues51ng behavigr (note,,the it w .
better for_hard open-ended items wheye gue531ng behavior is-not ;ﬁé
operative). The differences betweenlthe average one-parameter and: "
three-parameter modei standardized re31duals, except for the_hard . -
multiple-ch01ce test items, are probabry due.- to the difference in the
‘way item dlscrlmlnatlng power is handled.  With the hard multiple- '
- choice test items, qhe difference is due to a failure to account for
both item discriminating power and examinee gue551ng behavior‘ln the
one-parameter model

| ' ¢ .  P
2. There were no relatlonshlps among item-difficulty level item format,
and standardized re51duals obtained from fitting the three~parameter‘

mOdEl ’ ' 7 \;-.\ .- ...\__.._/._ I _ : e

f o

-

Table 3.6.41
‘» Relétibqship between item'dis.rimination indices and standardized
residuals. ’

’

1. The one-parameter modél resrdudls are non~11nearly related to classmcal N

item dlscrlmlnatlon indices (Eta— 691) . ST R
i

The, three parameter.model re51duals are not related in any fashion

‘to“@ﬁa551cal 1tem discrlmrnatlon indicés (Eta=.061).° - a S

. / . 7 o
) . \ g t ’
" 1In summary, the results of our hyﬁothesls tebtlng -showed clearly that
ot _ :

the test items.in the conteént categories we worked with were ndt in any
. * . ) h 1 .

N

‘

way being fit better or worse bY the item répopse models, and failuré to

- o . ‘ P*’ .-

&

pon51der examinee guessing behavior and varigtion in 1tem discrlmlnating,

i - . : -

~

power reeplted in” the one-parameter modql_providrng SUbstantially poorer

L] ]

fitséﬁ?&%e various test data sets than the three-parameéter ‘mcdel. o .
. » - M
. " .
) ‘ . e
- j . - .
' ’ ' . R . 7 ;
¢ i , N . a
- i e . T; 7 . {.’
3 e il - - ';’a ~ -
2 . s «
. K ~ , N R 1
~ - - . ¥ % < 2
s . ( Q
N « -~ ~ 19 0 . ! o
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. ' o ‘ 4.0 Conclusions
i 1

4.1 Implications of Findings for NAEP - | )

N o ‘ ;
The potential oE)item response theory has been widely documented »

e . R but that potential is'certainly not guarapteed when ‘applied 'to parti-

cular tests, with particular samples of.examinees, or when used in
. ~- : . . . ] i .\\ . 3
" particular applications. Item response theory is not a magic wand
.-f_v . to wave over a data set to fix all of the inaccuracies ‘and i-nadequacies
! . s . ) C : | )
in a test and/or the testing procedures. But, when a bank of content valid
. . i . s ]
. . 3 RIS , . , : . )
o and technically sound test items is available, and goodness of fit studies
4 - ] . ' ]
. ’ ~; reveal a high match between the.chosen item response madel .and the test data,

I3

-

item response models.may be useful to NAEP in test development, detec-

s e

‘tion of biaséd items, sctefe reporting, equating test forms and levels,
a - | ) :

' Y , [ - e X X ' . . X
o . - item banking, and other applications as well. - The goals of this
3 ~ T

? study were i? a general way aimed at all possible item response model
) ‘ ! . ’

applicationsjto NAEP data, th specifically aimed at the possible
y o0 . _

.
- t
- . -

®* - v' uses of .ite‘.r'ri"x'es-ponse ﬁqaeis in matHématics item l;anking‘, one of the
7o . }/ﬁ igséeg;imppyganﬁ'congerné of ECS on the NAE% prbject at the 6re$ent
. .-l .‘ / time. Still: there is great interest at tge natiénal, sééte,,district,.
@ L - and sQﬁool~lévél.in item banking and NAEP-eXeréises. ‘In'addition‘tq'

.e : PR . . \ . |

v, the: overall quality of NAEP exercises, NAEP exercises are '"normed"

L. ) ! . 1’ . . g . . : . .
- e and Ho interest in them and their statistics is high. B )
L ) ’ § ot : . - . z * i
A N . ] i . - 4 . * / )
- B . S TPhe. implications of the present study for NAEP are the follow%ﬁg:
N ’ . : ! :
N § ‘1. A large’number of goodness of fit investigations were
AN . described in Chapter 2 and several new investigations |
- A were conducted and described in Chapter 3. Many of =
7 . ) these,invés;igations can now be/;;ied‘on other NAEP
q .. . ).’ o . . - )
- ¢ ¢ o - —— h g °
T T ’é - ¢ M
L . . [ L4 /9 i !

T - : : A o 2 . ] \
- ! . H N i
. . ; . .
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, data sets to determine the generalizability of the
conclusions drawn 1n thlS %tudy concerning model data
fit S A

R N .
2. The findings 6f-this investigation clearly supporg the
desirability of conducting a wide range of analyses on
a data set, and on several data sets Were a narrow

. set of analyses to bé conducted on . (poss?%?&%\a 51ngle

model a d_data—set th% interpretation of resiits would

% have been more confusing and difficult. . The alproaches !
described in Figure 2}3.1 should provide-some direction
JAEP staff and other researchers with an interest K

-

cdnstructed (ide., relatively ‘little use is made of item
statistical infokmation if test development).  While the
utlllty of the three- over the one-parameter, model was

not +Qo surprlslngf\ihe actual fits of the three—parameter A —
o .

model to ‘the'data setd were. The study of stapndardized
residuals at the 1teﬁ level and ability level [revealed a
very good fit of the three-parametér model. S

]

4. Npt all of the analyses revealed high three*parameter
model-test data fit. .The studies of "bias" werg the : °
most confusing. Regardless of whether the “hree- -
parameter model or the one-parameter model was fitted
to the—-data, a number of potentially "biased" items were

identified. Several posslbleuexplanatlons exist: ¢ . e

Several test iitems are biased agalnst one ‘group or’ ° v
anbther (e.g., race, or high and low performers) or .

the re‘a?érﬁroblems in item parameter estimation (e.g. .
c parameters cannot be properly estimated in high ‘
performing'groups or in any groups -— black .or white

or higpanic — if group size is of the size used in = 7 Ct

this 1nvest1gatton) , ‘ ‘
| .
© 5, Perhapsthe most 1mportant finding 1s that it dis highly
AMnlikely that the .one-parameter model will be useful :
with NAEP mathematics exercises. This is in spite of the o
fact th t“many other'organlzat1ons“are very pleased with ° ‘
their work with.the one-parameter model., With NAEP *© ' g
mathematics booklets it appears there 1J too much vari- . Coe
atiéen among mathematics items in their discriminating . * . :
power and too much guessipg on the harA multiple-choice o
test items for" ‘the~one- -parameter. model to provide an e
adequate fit to- the test data
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It is our opinion that the results from the first part of the study

‘y :
will be of interest and value to measurement specialists who are con-
sidering the usefulness of item response models in their work. Essen-
‘ tially, we are recommending that measurement specialists design and
1‘. ,
carry out a comprehensive set of analyses to provide themselves with
sufficient information to make informed judgments about the usefulness Va
¢
of item response models in their particular applications. The amount
of effort extended in collecting information will be, of course,
directly related to the importance of the intended applications.
The second part of the study provides information that can impact

g . | . . .

‘ on the future use of item response models in NAEP. There is considerable
evidence in Chapter 3 suggesting that the three-parameter logistic model
provides a very good accounting of the actual mathematics test results.

® ' L . .
The one-parameter logistic model did not. It may be that NAEP will now

R S
want to consider utilizing the three-parameter model in some small scale
item bias, item banking, and test development efforts to determine the

o . . .
utility and appropriateness of the three-parameter model. Such investi-
gations seem highly worthwhile at this time. Of course, it may be that

] with other content areas the one-parameter model may suffice, and for

L
problems of score reporting new models being ceveloped by Bock, Mislevy,

. o
and Woodson may be substantially better than the three-parameter logistic
model.

L

o

yae | L
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